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SUMMARY

I. Project tile

Development of fermented Hansik drink using brown rices and vegetables

II. The objective and necessity of project

The goals of this study are development of brown rice-radish fermentation materials which have
excellent flavor and abundant dietary fiber through the study of brown rice fermentation by
lactic acid bacteria, and Hansik drink development with these fermentation materials for
enhancing intestine health, and development of quality stabilization technology for the drink, and
characteristic evaluation of American consumer preference about Hansik drink

1) Development of the brown rice-radish fermentation materials for Hansik drink, which is
enhanced flavor through optimization of fermentation technology.

2) Development of Hansik drink made with brown rice'radish fermentation materials, to provide
fundamental research materials for related business.

Commercial dietary fiber drinks and fermented milk products have 20-150kcal, and 47 26g sugar
per 1 intake (serving size 707190mL).

However drink have a lot of beneficial compounds and dietary fiber, if drink too much, it may
cause abdominal obesity and body fat increase because of sugar and high calorie.

Thus, development of Hansik drink which have low sugar content calorie, and high consumer

preference is needed.

III. The scope and contents
<Objective>
* Development of brown rice'radish fermentation materials which have great flavor and
abundant dietary fiber.
* Development of Hansik drink which is made with brown rice-radish fermentation materials
for enhancement of intestine health.

Development of quality stabilization technology for the drink, and characteristic evaluation of

American consumer preference about Hansik drink.

<The scope and contents>
Research of commercial fermented drink market, and analysis of consumer needs.
* Selection of fermentation strain which can enhance flavor and target components.
* Development of brown rice'radish fermentation materials which is enhanced flavor through
stabilization of fermentation technology.
* Development of Hansik drink which is made with brown rice-radish fermentation materials.

» Nutrition/physic-chemistry/flavor analysis of brown rice-radish fermentation materials and the



drink.

» Establishment of quality stabilization technology by Hurdle technology.
-Set—up of optimal Hudle and establishment of quality stabilization condition.
* Characteristic evaluation of American preference of Hansik drink.

-Preference evaluation of American consumer and establishment of high preference condition.

IV. Result

Lactic acid bacteria for brown rice fermentation were selected as L.paracsei. We had considered
the acid production and viability and availability of free sugars and sensory evaluation for
lactobacillus selection. The optimum fermentation temperature and time of saccharification brown
rice was set 15 hours at 60 degrees. The optimal initial glucose concentration of L.paracaser
fermentation was set at 16%. Optimal lactic acid fermentation temperature and time was set 32
hour sat 30 degrees. Analysis through GC/MS revealed main volatile flavor compounds in
fermented brown rice using L.paracasei, including acetic acid/ethylester, diacetyl, acetoin, acetic
acid etc.. Target nutrients of fermented brown rice are as follows : proteinis 1.5%, total amino
acids 0.65%, free amino acids 0.01%, lactic acid 0.52%, potassium(K) is 272.88 mg/kg,
magnesium(Mg) 109.8 mg/kg, sodium(Na) 66.49 mg/kg, calcium(Ca) 30.45 mg/kg, iron(Fe) 4.8
mg/kg. Quality standards of fermented brown rice are as follows : solids contentsis 19.0+ 0.5 %,
Brix 19.0 £ 1.0, glucose 15.0 £ 0.5 %, viscosity(cp) 3,100 + 100, acidity 0.55 = 0.05 %, pH 35 *
0.1, aerobic plate counts N.D., yeast counts N.D..

Development of radish fermentation materials

In order to make radish fermentation materials, 4 kinds of Dongchimi samples are used, and
after checking salt tolerance and acid resistance, Lactobacillussp.(L2) isselected. Optimal
cultivation condition (pH6.8, 30C, stir-150rpm), which can make viable cell counts over than
10°is established.

As a result of sensory evaluation, optimal fermentation condition for radish fermentation
materials is set up, as fermentation temperature is 30T, fermentation time is 6 days which is
combined fermentation and ripen time. Calorie of radish fermentation materials i1s 1lkcal which is

added garlic, and 8kcal which isn’t added garlic.

Development of Hansik drink which i1s made with brown rice ¢ radish fermentation
materials.
Sweet and sour and cool Hansik drink is produced by factorial design as high calorie type
(72Kcal/100ml) and Low calorie type (40Kcal/100ml) which are made with brown rice
fermentation materials by lactic acid bacteria and radish fermentation materials.
Through sensory evaluation, radish fermentation materials were equally added 1%. Ginger
concentrate is added for enhancing simple taste and Korean style taste. As a result of home

consumers research, high calorie type score 6.8 point out of 9, low calorie type score 5.6 points
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out of 9, it means taste i1s more important aspect than calorie.
However, preference can be changed by drinking frequency in a day, so it needs additional

research.

= Study on strengthening flavor stability

- Analysis of flavor related compounds

As flavor related compounds, lactic acid(0.63%) and glucose(8.3%) was mainly detected in
fermented brown rice while lactic acid(0.37%), acetic acid(0.15%), citric acid(0.03%) and
mannitol(0.98%) was mainly detected in fermented radish product.

- Sensory evaluation and descriptive analysis

In the descriptive assay of fermented products, important attributes such as aroma, taste,
texture and after taste was screened by panels. Differece in the overall acceptance was
shown between fermented brown rice(5.64/9.0) and radish product(4.72/9.0) in the sensory
evaluation.

— Application of hydrostaic pressure, Joule heating and ultrasonic treatment

Among hydrostaic pressure, Joule heating and ultrasonic techinque, hydrostatic pressure
and Joule heating technique was evaluated more effective tools to keep natural flavors and
reducing microbes of fermented products and its applicable condition was optimized at 500
Mpa, >5 mins and <100TC, respectively.

— Evaluation of sterilization and storage effect

When the beverage product prepared with fermented brown rice and radish was treated at
500 Mpa for 5 mins, total aerobes, lactic acid bacteria, and yeast and fungi resulted in
6.48, 5.81 and 6.64 log reduction, respectively. No more growh of microbes in
hydropressure treatment was shown in the storage experiments at 4C and 30C during 4

weeks.

* Characterization of beverage product preferred by American

- Survey on American

Allmost all the American people preferred fruits drinks and recognized freshness(96%) and
function(77%) as important factors for beverages. They concerned about obesity(35%),
dental caries(25%) and diabetes(22%) due to beverages, and also desired improvement of
artificial flavor and preservatives.

- Consumer test

Through consumer test(n=100) and focus group interview(3 groups), attributes such as
appearance, flavor, taste and mouthfeel was evaluated around 4.0 in the 9 pts hedonic
scale and flavoring, sweetness, sourness and alcohol taste was suggested as main factors

to increase American preferrence for beverage product.
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Z oo F9 23z i qAEAs} w25 S 7@ A

O #uilel utel BA szt Foll i VSEE Folx, AFge]l 5T EFAA % AT
wE5E NEFORM AYT FAE] spge we Frra5 Sieh AEAe] wHe wnd
287 9l

O 2EH2E Wel ¥ AUAEL 53], 7154F 2 AZAF g #ile] FrHEA 43
ST, 2857, 254 58 HHOR AvHE SR & FEIE Wslsle 1% A4
S A7bekAR, ol EdaAY, 23AW SO dE HUME, S5FFAY, deidvs, 18F 3 S
wol ghretel A Suet syl o el s

<@A LBANF FT>

0 "4, BU § 4725 A9AY R&D /TS S@ste] ABAY 27 AL 27 H5
A &AL AAY iz 23

G vlo] 271 £ (BN BRUB——> 36%)7 4 (2%-->39%) FOFrk 75% o)l BAIA sl
= & Aoz o4HE(OECD, ‘09)

A B AA A FEE 03 oF 81l BeA] 104 of 22 5AY B FEo2 A%

A F7kskal =

dpr

O A7} o U3 BA FZFoz AZRd FHAP AT F8 =Y
Nutrition Business Journalell ¢]&tH 2010 A Al Al E= ¢F 30149 E8=2 FAHEHM 1 9

A mjsrol oF 39%9] Wl s AAEAL Sl Aor FAEY Sl AT AE A grEe] il
Me deg FAA 741/\130% DA EARE, A7 A EEEANA wid &9 2001789 71de
2 A RS FA4¢ A3 20119 71+ oF 3% 9015994

3t
= 34 ol o8 7 9y We #ale] FhstuA AR FAEY 5
= a5 B

=
5 Ao w A5 H.(2013 7FEAE A3 A1

OAAFoE ARHELE F G AA dAAE ARIE, F¥, FENT 4%, £,
4g4 AALE QAR B AT +2 Y

25990l A WIER B, B2, B6, 1 2 € (W EFIH), tolobdl, pantothenic acid, ¢1%=AlE 5 wEFY
RE PSRl W2 sk WS EE ohvmit GABAL ~EUXE AU Aol
L wBhe] 91 BHALE FHFL, AXe Hal A4S 2Aste] wild Pl BIY.(4F

2L 30 4
ml\ﬂm

20139 104)

O M&A BAFAATHL] W wpaw A#EE st S5 F 52718 AAE A3 474
Aol 100mld 3716ge] E=d, A AES Fstn Yo, 285 13 AFHHo] EA= Al
199 A3 A 50gol "MAs FEo2 HH 98 Wol i3 257 ALEHn, AlAEHE A
7 9A 2 7E EARY 3E wo| FFeta ¢S

O AARAZ]IFH(WHO)=

At 2002958 abF FR AFAVIES F ooluA AFHALFY 10%2 AA
skal Slth o= oF 50gell

drh. e WHORS 2 A4 243 oA 55082 =
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o A N Anere viAYE, YL, HF PR VY WAFS o Bgo R FolE.

<HARY F84>

O L WRAY 9%} wio} glof ¥ B 1A WoHowA F AYe ofshe F ABLW ohye
ANA| 3ol AZS A F Qo 53] A9 permeabilityd] 7R s theket 4 Fiel FUbE
acne, Crohn’s disease, Cystic fibrosis, endotoxemia, food allergies, liver dysfunction, intestinal infection %2
cer A8 fHeE F7H.

O %3 #HAstel A #F FI5F(irritable bowel syndrome, IBS)S E% & EREI7 u)
H vl Fee W3l 5 5AAA STHEC] HIHoE =

T S0 ¢kl wiE RlE 52

7154 AFBEoer FHES A 66% (FAF 7.1%, *F 6%)(Han SH, Lee OY, Bae SC, et

al. Prevalence of irritable bowel syndrome in Korea), 4t¢] 2 & 08392 *]#(0.925), olE Y]

T RA0924) Bt e FAY (R A s AT, 2011)

O Aol AFste B2 £/ @538 5 dAasy b35S Ay v S o8 waE o] short-chain

fatty acids(SCFAs)E @438t o] AL AW FujAxe] dddos S8 AUALe 70%). webr o]
3 % 5

=
AHE dFAshs A Ho e 33 S EESH st Z9] 715 S AAS s dol 7]osiA H.
o2 =3 #o] AL =8-S F1 A9 barrier functionS FAAI 7)1 AP Mucin A ERE =3
2 49 permeability A4E F3l WUTH 549 AYS AME w3 G U A5 245, 49 A¥ES
=0l 98s 3

<Holdfe AAF 2R AAE>

O & AYSA s Pel A WAL ol A TR Folo] 42 EE sol A9 wfel )5S
Astste Aolgt & g S AQL ] Huke 53] Ay Ag el FHoketH, 7HE dyAde] =5
gk el A A AHoldhe M T8 dUAde® o] &H. 84 Aol Al g rlAE
ola] g wo] WX HAHShort chain fatty acids, SCFAs)S A3 Wi x| w4ke A Ao A 3 9
ANUA] 7AEA daww, o= o] HA] duA] A&n[e] 70%°] &3

O &4 Hojdfe dy FAAEY £3/F52 & FEst FHe 7less AN g= ol
7|27y 9. 71 A o7 W] bulking, W We A 5o g e FH, Pv"E FTE
STHAA W A7E Rof FuhEEe] o B X gl kEgo] g g duA Ak 24, th FYUsEE
A At JgS 7122, 9] barrier functiong FFAI7IL AW F3F nAES] FAS =9
BUd s Y Ao Wl R AEs Asc w13, A Wl 955 2EskL, 4 AdS Eole
9&s 3

O A#E &5l 2
(70-190mD 3 €= 20-150kcal, F 4-26g $Hr5o] d=. & A7 o

Fhslol vt s,
52 A 8 & A8

O R AFHY FHFRE Yot HE, Ak, EE AU AR VIS B9 /1Y BAG
1, obrlab/Aete =, B4R $) AHST, AZLREA A2VE L850 F8. o5
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1. Alg € A=y
7 AR

296 e Ane Azl #olna ot 20139 e Tste] Asstdn. AvEE
of Az AEHE FHe ARAF BE FHE ASFAT. FATES AvAARET % ABF
el 9 sl gt A s M0 Sl 20 Ta ALsan
= e 2T 95 AU e 49 IR $UE AL, A2 RIS A

1=}
FAAY, duiAdREs 2 AT So25FH AR 10g AFste] Dbl 108) sAHoR

218 & stomacher(Interscience, France)® 257+ w23} st 10190 we} " A2 g5z
A G SFH S o] &3] MRS mediumel]l =83 & 35 CollA 43A17F wj%), 5%
7F 98] STl Ad). 12 AEE v AES BCP agar medium®ll H3E8ho] 24A17F vl kst o

[e}
A(pH 5.20|3hH Z2YE AAS}aL, anaerobic 718} A4 MRS mediumol] 48*417F vj%kste] dAH =2
TS EE]ske] ARSI T2 A)

2) A 574

2aH vAES 16S rRNA ZAAHo R FAHSGgow #F9 16S rRNAZ universal primer<!
271F(5'-AGAGTTTGATCMTGGCTCAG-3')2F1492R (5'-TACGGYTACCTTGTTACGACTT-3")
primerS AF83te] SZA|Z T} PCR purification KITE ©]-83}e] AA|¥ PCR product®] 9714 <ES A
wE(F)o] JFste] fd ARE FHE, 1 JHE EzTaxon server 2.1(Jongsik Chun)oll A identify 3F
% MEGA 42 ©o]&3}] phylogenetic tree® #8]8 FAMFS HZ el

3) WY
549 1

B9 Buo|liE, A%, AAFE TAE WA 100 miol HEste] 4847 BIE0T, 70
2 UG 77 715 Augen ¥ #eAsE ddsgon, 5w} gaT
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- q B7h RS AAR v, 52E B d3o] EVE W ¥ FUALEE B E

SHA Egor ddsta, FHEELES 2 UE &8t ¥ & w4 U FAXE ddd FE

2= L&)l 3 = B %5 sto] & A7}
}o. =

7) o]3}8t A A

TFEITFE As T 547120 ML-50(A&DAHE o] &3te] 105TelAl S43t L, ofr e d A
Stko Alg 5gS 250mlE A3 thS oyt 25mlE FH Al Formal AW o2 A HFsd. o
B35 Mohre WS Abg3ste] A3kt pHE AR 10go] 40ml SHFS 7Fsta Ao A 2
-7} magnetic stirrerS o] -&3Fo] Wksle] pH meter F-11(HORIBA Co. JP)S A}&3to] =333
o FAMEE AR 10ge] 40ml /TS 7Feka, 0.IN NaOH=Z A Asle] pH 83°] 2 w7+
NaOH-E< AHmlZ A 93}aL, lactic acid 3HAHAIF(0.009)E A 8-3to], AAHANE(%)Z T AISA T

0.IN NaOH ZH]#(ml)*0.009/A] & & (10g)*1008+ 4 33 F2> DNS (dinitrosalicylic acid) H]AH o 2
A5k

714 412 HPLC(Shodex KC-811)& A}F83}%1 3L, mobile phasex= 6mM HCIO4(0.8mL/min) &
40 ColA AAlste] refractive index(RDE HE3FATE Glucose 2 Al5E 10 mL 3 k4]
14,000 rpmell A 5 min YA g & G5 HE AFEste] BCS glucose kit(BCS corp.) WH o=

A8l o,

g Als 10gS Fdgol 10w FAHoe=m Mg F  stomacher(Interscience,
France)2 2+3F w43t sto] 10x1Hel wet A A2 g Attt A H 0.1mls 3l
AdkA 5= PCA(Plate Count Agar; Difco, USA)u Ao, #3309} &%+ PDA(potato dextrose
agar)8 Ao spreading culture method= &3 T 30CNA] 1~343F i = AlFstch f4t
S BCP(EIKEN Chemical Co., LTD., Japan) LA 8o spreading®< o] &3ste] HE3 t}g,

ofl Hu
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N

;

35C @271 48~72/ 3k wigatalan, wjzle] Mol :mgtglow WMk g Asdt

9) ko] Bi5AH EA B4
AR B FRF AN o, GIFE 5L AT G 0FAE AT GPoE |
SRR EAR AR ol AAsglon, dulel 235R) ARE 54 715 AEyoR 57 Frh
33 BB, 17 YO so] ¢ JERE Frlsglon, AR A, % 247 5l o
AAE AEPAE 55 Zah 37 APST, 14 vtz P4 AAdg F U A4 4%
o _

B oArAdne] mE EA 8= Minitab 4 2ZEYo]E A Lslo], A gty TEAXE A&

A, AARARAS Ba 7 A2 Trre] Fo A Aol F AT 9%l At om,
AYAA F LAAAES BEe N HAFHE DAY

= T BHE 2% (T)
Control dAn] A3t Al -
LPC25 25
LPC30 Lactobacillus paracasei 30
LPC35 35
LFEMS35 | Lactobacillus fermentum 35
No25 25
No30 5 No.l 30
No35 35

7h dAndras A drAdE % (SPME)

AEeEH ABEE 4ToA 30E7F 3,000 rpme. = AAEYE & AF=d 4 mLE FHse] 20 mL
glass vialdl Ytk WHEEFEAZE ethanol (J'T. Baker, NJ, USA)o| ¢l 3-octanol
(Sigma-Aldrich, MO, USA)E HZFT& % 1 ppm (w/v)o] HEZE AME3Th dAndaEe 33U
ABEES FE387]) 98] headspace-solid phase microextraction (HS-SPME)¥ S AF&3FA Tl 7 A
25 30CelA 3023 HIHEH=Z FAA121 % SPME fiber (Carboxen /polymethylsiloxane
(CAR/PDMS) 75 um) (Supelco, PA, USA)E headspace 7ol =ZFA17# 10%37F 34 AES 5%
AlFA o™, GC-MS FY (250C)oA 57 A Aes E2A AT, 2 dvdasE 3

fo o

S|
~

i
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Wk AT

W) dAvjtaE 3 drAdE GC-MS 4]

Alge A SnPdRS BEXME7] 98] HP 7890B gas chromatographol AZA% 5977A mass
selective detector (Agilent Technologies, USA)7} AF&% At Ado AlgH GC-MSe =74L tf
=2 2o (3 2).

T2 AVMEE ABY FUHE 2L AT GC-MS B4 27

Injection temp. 250C

Split ratio Splitless

Carrier gas He (flow rate: 0.8 mL/min)

Oven temp. 40C (4 min) to 200C (5 min) at a rate of 8 C/min

MSD transfer line 280C

Mass scan range 35-200 a.m.u.

Mass spectra ionization energy 70 eV

Column DB-WAX (30 m length x 0.25 mm id. x 0.25 ym
film thickness)

o drdrasE g FdrAdE A 2 A=

Hutg &2 3w AHES GC-MS9 on-computer libraryl WINOS library (Wiley ¢} NIST) 2]
mass spectral data®} Blulste] A o2 FAHEAT. 2k A5 A FrdE AFS GC-MS
total ion chromatogram oAl Z}7Z}e] peak areaS WHXETFE4 9 peak area® Ui #S A&
gt 7t AESe fedel Aol wy] sAE SPSS (SPSS Inc, IL, USA)E o] &3]
Analysis of variance (ANOVA)E 483ttt (p<0.05).

B AUTEE FY G gRT hagEA 24
GC-MSZ B4ste] e AvMaBel by FuigRel & viwsy] st SIMCA-P

software (SIMCA-P version 11.0, Umetrics, Umed, Sweden)< ©¢]83}9] Principal Component
Analysis (PCA)®} Partial Least Squares Discriminant Analysis (PLS-DA)E 2 Alst Tt PCAE
x-variable®] compounds BF & dHote] old tiFd AolE & F v FAEEAHlL,

T i
PLS-DAZ= 82 253t class BRE Fo] T4 8t FEAH LA IEEA R o]t

Ao Az FUHEE AgsE B4 A 24 Ysa -70CoAA By, ¥4 4 BE A
B WA 4TC)NA oF 397, ALoa] oF 587 afl5AZl & ok 4 g& FHE 20 mlL glass
vialol €t Fd e E Alg A= ¥ 3.3 2o
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ke
wW
1
I
fol
i
>
b
o
f

kL L2AFS AT |29 2= (O
N-1 e -
N2 0% -
N-3 39 -
N-4 79 :
T1 =T 80
T-2 0d 30
T-3 3d 30
T-4 7d 80

) TR Es A FvAEE F=5 (SPME)
=]

FrgEo] 3ubA gul JEES FE3517] 98] HS-SPMEHS A8t 72 AR5 30T oA
307 HAFANHE FA2Z1 5 SPME fiber (CAR/PDMS 75 um)ZE headspace Aol =ZA1A 10
w3 AR AES FRAFHLOH, GC-MS T (250T)dd A 527 3 AES G A AT

_]
[e]

GC-MS £4]

Injection temp. 250C

Split ratio Splitless

Carrier gas He (flow rate: 0.8 mL/min)

Oven temp. 40C (5 min) to 180T at a rate of 3C/min to 200C
(5 min) at a rate of 8 C/min

MSD transfer line 280C

Mass scan range 35-350 a.m.u.

Mass spectra ionization energy 70 eV

Column DB-WAX (30 m length x 0.25 mm id. x 0.25 ym
film thickness)

o) FoeE g SrdE A 2 A
Tutg e 3dbg AERES GC-MS9 on-computer library?l WOINOS library® mass spectral
data®} vlEte] AAZRowm AL zZF Alzmo WA IR AZFELS GC-MS total ion

%S
chromatogram ol A Z}z}e] peak areaZ total peak area® Ui #e AF&3%

13) $ASE A0 FugR B
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L Az =22 -
LH A2 g & (90C, 15min)
LHP A= g Z a1t
H uZEE (dukt) -
HH aZE (dukl) 4 (90C, 15min)
7h #2155 3Ed FrdE % (SPME)
qsE AFES 4T 3087F 3000 rpme =z AAEHS F A=A 2 mLE FH5ko] 20 mL
glass vialoll @3t WFxTE42 ethanold 5% 3-octanols #HE5% 1 ppm (w/v)o] HEE
AbESlATE A SR A AEES FE57] f8 HS-SPMEWHS AM&stAth 2t AlE& 3
0ColA 30%3F HPANEZ FxA171 & SPME fiber (CAR/PDMS 75 ym)E headspace Aol =%
AA 1087 I8 ARS SRAZHoH, GC-MS FUT (250T)olA 583F 38 ARS 224
Atk BE I SE BALe 3H v g

b BHLR Ly o

O:
ox,
Mr dz

GC-MS &4
Alg el 3wk FuAdES E4357] 98 HP 7890B gas chromatographel] 972 %¥ 5977A mass

selective detector’} AF& ¥ Stk Ao Al gH GC-MSe 24L& ey ) (& 6.).

6 AR HUA AR BAS 99 GC-MS B4 =27
Injection temp. 250C
Split ratio Splitless
Carrier gas He (flow rate: 0.8 ml/min)
Oven temp. 40C to 90T at a rate of 2C/min to 200C (5 min) at a
rate of 8C/min
MSD transfer line 280°C
Mass scan range 35-250 a.m.u.
Mass spectra ionization | 70 eV
energy
Column DB-WAX (30 m length x 0.25 mm id. x 0.25 ym film
thickness)
o SR MY IR 4Y D A
k2] S GC-MS®e] on-computer libraryQl WONOS library®] mass spectral

o

2 45T 7 Alge 3 FndE JHF2 GC-MS total ion
chromatogram oA Z}7+e] peak areas WHETEZH 2 peak area® Yir #S A&t 7z
AEE F92¢l 2o]lE H7| Yars SPSSE o] &3] ANOVAES 33+t (p<0.05).

2h) kA SR 3 Ind R HEFSA B4
GC-MS=Z #A43le] A2 dndtg o 3y Fgugdie] zpolE Hlustr] 93¢ SIMCA-P
softwareE ©| &3] PCA

o rlo
)—U
=
f
-
>
o
1t
>
P‘L
32
io)
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2. dH|REgE &A AR

7F @m 2eg fAAT AE 2 gz g9

Ar|AAE B =9 AT, AeFs 59 FHdoE2YH At AdUEE AAste] dr
g8 FArS 3F B2 SH(L. curvatus, Leuc. mesenteroides, L.paracaser). WA 15 A4

s
o7 v F2A FAFS WERFH(L. fermentum)E A3

D AHA s

obef 19l 1, 2v& Ak 4F° dig A TS vttt TEAIZE A o] wep AR E
paracasei®t L. fermentum®] 7V 538tk SHAIWY Leuc. mesenteroides$t L. curvatuse 4373
sol A oE e FFEol A

—t= | Curvatus

6 == Leuc. mesenteroides
<= Lparacasel
5 ——L.fermentum
4
T
o — 3
3
2
1
0
0 12 24 36 48
2= Al ZHh)
a9 1 EAZE Ao e pH H| AL
1.0
== curvatus
=B-| euc. mesenteroides o
0e . | paracasei >
| fermentum
o 06
=
S 04
é A
0.2
0.0

grZA|ZHR)
a9 2. BEAZE A mE AbE vl Al

2) I /Kg 8] /\4

obg] 1¥3 & W, ®g fakitol
mesenteroides, L. fermentum 3% <
Adet it

==

gk A5 5EA4S 4 ‘3}3’1‘3}. L. paracasei, Leuc.
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TE ENEgE 4% H] 3L
TFE (%) 190 + 05
2% (brix) 190 + 1.0
2 3] 5] 8} A glucose(%) 150 + 05
£ f]}; AE 247 2%(at 25 C)
i A % (cp) 3,100 = 100
A (%) 055 + 005 | ~EEA A
~ a4 1.0x10° cfu/mLol
pH 35 + 0.1 - AEAE TS 1.0x107
S (cfu/mL) | 1.0 x 10° o4 | cfw/mL elst
- A 8
A9 T 9= (cfu/mL) N.D.
v A&
& 2 (cfu/mL) N.D.
o) A1t (efu/mL) -4

} At E E9 IR &4
) dujdtg Eo] GC-MS +4 2y}
Zﬂ vt g & GC-MS total ion chromatogram L9 18& ZA¥E AW X Lactobacillus paracasei
(LPC) 2 2ax BE A8 BF (a, b, o)A diacetyl®] peak (5.71%)¢} acetoin®] peak

(12.443)7F F5lo] s & 4 3tk LPC 35 (d)ell A5k LPC 25 (b)2} LPC 30 (c)A 59 th=27
ethyl acetate®] peak (3.943)¢] w9 ZA YEFETE No 30 GC-MS total ion chromatogram (g)ell
= No 25 (f), No 35 (h) A& H]8] ethyl acetate®] peak’} ZA YEFES 2 4 At} Control
(a)2} LFM 35 A5 (e)dAM e v &

A RIS & 5 Aok Eiy

peake] =7} A lal, £3] acetic acid peak”’} A E A ek}

e E A5 24 1-butanol®] peak (9.65%)¢] ofF+

]
HE TadAe] WPFHA &2 control M B AAXOR 4

o =

L3S

Ty

‘_,\‘1

dutrgE A5 GC-MS total ion chromatogram< 1% 18% 2t}

(a) Control
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(b) LPC 25

© LPC30

(d) LPC35

(e) LFM 35

(f) No 25

(g) No 30

(h) No 35
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[t </ | | v l )
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rem I\&L_l\ ; - bute‘ln(’) P N
77N v [ [ ; \)
[ ~ v L N
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Vi S
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TN 1 ,
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| S— J \;_—K b \ k | N
’/ \\ l\ /I ( )
Ethyl
acetate
L 1-butanol Acetic acid
lu P | ML S
[ | | ( /1
. -
Ethyl
acetate
Acetic acid
1-butanol
M }\x/\\ TR n > A k Jk_ 7= <
9 9 L
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AV E 8F AR E JEES SPME F3& o]&3to] GC-MS® #4138 A3} v&3t
2 F 327149 3wt A ESo] FAHEAUTE  acetaldehyde, cyclohexane, furan, acetone,
unknown, 2Z-methylfuran, ethyl acetate, 2-butanone, isovaleraldehyde, diacetyl, unknown 1,
chloroform, toluene, dimethyl disulfide, hexanal, 1sobutanol, xylene, 1-butanol,
bromodichloromethane, isoamyl alcohol, isobutenylcarbinol, amyl alcohol, acetoin, 1-hexanol,
unknown 2, acetic acid, 2-ethylhexanol, unknown 3, benzaldehyde, 1-octanol, phenol (3% 12).
Control ZLFolA & 187F4 9] 344 RS0l 5453, acid, furan, sulfur-containing compound
e sAEHA FUTh LPC #52 25T, 30T 3BTl HEE AlFmeA= 22 217HA, 237HA,
267FA 9] Iy ARSo] =AEYI, FEAHOZ acidi (1), alcoholi (4), aldehyde® (3),
benzenew (2), carbonyl® (2), esteri+ (1), furan® (1), ketonew (1), phenol& (1),
sulfur-containing compound# (1), 7€} 3 €& AT 4 AT LFM 5= 3BT Tad
Az M= 237FA19] 3 AEEC] TAHHEUIL, acidiF (1), alcoholw (7), aldehydew (2),
benzene¥ (2), ester¥ (1), furan® (2), ketonew (1), phenoli (1), sulfur-containing compound¥+
(1), 718k 5&°] AU #F No. 1.2 25T, 30T 35CNA 2ad AzmdAe 27t 197}
A, 18741, 197141 9] sl AR Eo] FAHHY L, FE5 A2 acidF (1), alcoholF (6), aldehydew
(1), benzene (2), esteri (1), phenol# (1), sulfur-containing compounds (1), 7€} 3Fo] AA 5

ATt

X 12, dvprg s 3 EvdE g4
Aroma
( rlrﬁlr‘l) Compounds Odor Descriptions ‘ngssgo(lgl
water)
Pungent, breathtaking; in dilution a
2.34 Acetaldehyde nutty alcoholic note; enhances citrus 15 ppb
2.45 Cyclohexane Somewhat sweet, hydrocarbon odor
Peculiar, sweetish spice—smoke-like,
2.88 Furan burnt on dilution
3.03 Acetone Characteristic solvent odor 450,000 ppb
3.41 Unknown
B Sweet-gassy, solvent, metallic—burnt
3.68 2-Methylfuran with musty nutty notes
3.94 Ethyl acetate Ethereal, sharp, wine-brandy like odor 5 ppb
N Sweet, solvent, acetone-like ketonic
413 2-Butanone odor; fruity camphor odor 50,000 ppb
Pungent, cocoa, green fruity odor; B
4.44 Isovaleraldehyde cheesy—-sweaty—cocoa fruity in dilution 0.2-2 ppb
. Strong, buttery odor and taste on
5.71 Diacetyl dilution 2.3 ppb
6.19 Unknown 1
6.69 Chloroform
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7.09 Toluene Paint
7.84 Dimethyl disulfide Strong onion, cabbage-like odor 0.06 ppb
Strong, penetrating, fatty—green, grassy
8.04 Hexanal unripe fruit odor 4.5 ppb
Breathtaking, sweet, sweaty-chemical,
8.57 Isobutanol fermented, whiskey-like in dilution 7,000 ppb
9.28 Xylene
9.65 1-Butanol Breathtaking, winey, fusel oil-like 500 ppb
9.72 Bromodichloromethane
Breathtaking, alcoholic odor; in dilution
10.92 Isoamyl alcohol a winey—brandy taste 250 ppb
11.74 Isobutenylcarbinol Sweet, fresh, green, herbal, fruity
Alcoholic-breathtaking, fusel-like odor
11.77 Amyl alcohol with a burning taste 4,000 ppb
12.44 Acetoin Creamy*buttery,ﬂs;(‘)%;nt*hke odor and 800 ppb
13.68 1-Hexanol Chemical, winey, slight fatty-fruity odor 2,500 ppb
14.38 Unknown 2
. . Pungent, sour, vinegar odor with sour,
15.33 Acetic acid acid taste 22,000 ppb
B Sweet, oily-fermenty weak rose odor; 830-1,500
15.37 2-Ethylhexanol fatty  fruity-musty, tea—floral taste ppb
16.01 Unknown 3
Odor of bitter almond oil; characteristic
16.14 Benzaldehyde sweet cherry taste 350 ppb
B Orange-rose, waxy, sweet odor; waxy,
16.65 1-Octanol oTeen, citrus taste 110 ppb
19.89 phenol Phenolic medicinal odor and taste 5,900 ppb

* RT: Retention time
* QOdor description: Flavor-base 2010 Professional, Leffingwell & Associates
* Aroma threshold value: odor threshold in water
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R 13 dvEaE ST FnAdE A
Control | LPC25 | LPC30 | LPC35 | LFM35 | No25 | No30 | No35
Acids
Acetic acid - | 0.5961+0.0555 | 0.6472+0.0478 | 0.6237+0.0453 | 1.3421+0.0678 | 0.7940£0.0239 | 0.8997+0.0325 | 0.8155+0.0413
Alcohols
1-Butanol - 0.3523£0.0075 | 0.3569+0.0166 | 0.4028+0.0059 | 0.0029£0.0027 | 0.4308+0.0346 | 0.3616:£0.0457 | 0.3276+0.0023
Isoamyl alcohol - 0.0208£0.0009 | 0.0198+0.0012 | 0.0279+0.0042 | 0.01120.0007 | 0.03820.0019 | 0.0232:0.0011 0'0329?'0000
Isobutanol - - - 0.0051£0.0013 | 0.0060£0.0018 | 0.0109x0.0017 | 0.0036:0.0005 | 0.0078+0.0035
Isobutenylcarbinol - - - 0.0290+0.0060 - - - -
Amyl alcohol | 0.0093£0.0021 | 0.0146+0.0020 | 0.0185£0.0018 - 0.0095+0.0015 | 0.0120£0.0016 | 0.0108£0.0017 | 0.0105+0.0012
1-Hexanol | 0.0188+0.0018 | 0.0193+0.0016 | 0.0168+0.0039 | 0.0166:0.0048 | 0.02500.0008 | 0.0305:0.0016 | 0.0285£0.0007 | 0.02590.0014
2-Ethylhexanol - 0.0076+0.0006 | 0.0078+0.0006 | 0.0071x0.0002 | 0.0076:0.0005 | 0.0064+0.0005 | 0.00660.0009 | 0.0066+0.0006
1-Octanol - - - - 0.0026+0.0007 - 0.0021+0.0003 -
Aldehydes
Acetaldehyde | 0.0191+0.0025 | 0.01120.0018 | 0.0101+0.0018 | 0.00930.0018 | 0.00920.0002 | 0.0116:0.0015 - -
Benzaldehyde | 0.0125:0.0003 | 0.0081=0.0002 | 0.0070+0.0006 | 0.0064:x0.0025 | 0.00240.0004 | 0.0033+0.0010 | 0.00210.0002 | 0.0020+0.0002
Isovaleraldehyde | 0.0102£0.0024 | 0.0197+0.0013 | 0.0138+0.0010 | 0.0160+0.0013 - - - -
Hexanal 0.0232+0.0068 - - - - - - -
Benzene &
Benzene
derivatives
Toluene 0.0385+0.0048 | 0.0552+0.0142 | 0.0304+0.0274 | 0.0485+0.0227 | 0.06090.0091 | 0.0421+0.0280 | 0.07910.0183 | 0.0877+0.0257
Xylene 0.0036:0.0010 | 0.0036+0.0009 | 0.00320.0006 | 0.00320.0003 | 0.003520.0002 - 0.0052+0.0029 | 0.0059+0.0046
Carbonyls
Acetoin - 0.2246+0.0227 | 0.3076+0.0177 | 0.2085+0.0104 - - 0.11930.0304 -
2-butanone | 0.0096+0.0026 - - 0.0108+0.0009 - - - -
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Diacetyl

0.0235+0.0041 | 2.4942+0.0834 | 3.0260+0.0103 | 1.7279+0.0293 |

Esters

Ethyl acetate

0.0049+0.0023 | 0.2683+0.0187 | 0.2717+0.0163 | 0.0148+0.0032 | 0.0328+0.0017 | 0.1966+0.0063 | 0.4580+0.0302 | 0.1469+0.0047

Furans & Furan

derivatives
Furan - 0.0081£0.0004 | 0.0076£0.0011 | 0.0060+0.0020 | 0.0068+0.0006 | 0.0073£0.0019 - 0.0067+0.0024
2-Methylfuran - - 0.0029+0.0005 | 0.0052+0.0022 | 0.0039+0.0017 - - 0.0046+0.0004
Hydrocarbons
Cyclohexane - | - | 0.0092+0.0020 | 0.0100£0.0048 | - | - | - | -
Ketones
Acetone 0.1659+0.0289 | 0.3114+0.0197 | 0.2971+0.0148 | 0.2108+0.1769 | 0.0155+0.0014 | 0.0138+0.0027 | - | -
Phenols
0.0011+0.0000 | 0.0014+0.0000
Phenol 0.0019£0.0004 | 0.0021+0.0005 | 0.0019+0.0005 | 0.0017+0.0002 3 g 0.0010+0.0001 | 0.0011+0.0001
Sulfur-containin
g compounds
Dimethyl
disulfide - 0.0157+0.0117 | 0.0162+0.0077 | 0.0242+0.0100 | 0.0087+0.0011 | 0.0283+0.0031 | 0.0133+0.0067 | 0.0126+0.0011
Miscellaneous
Unknown 0.0177+0.0015 | 0.0166+0.0012 | 0.0162+0.0003 | 0.0139+0.0035 | 0.0094+0.0018 | 0.0169+0.0019 - 0.0124+0.0012
Unknown 1 0.0276+0.0096 - - 0.0223+0.0007 | 0.0103+0.0007 | 0.0298+0.0027 | 0.0186+0.0033 | 0.0262+0.0032
Chloroform 0.0768+0.0027 | 0.0460+0.0081 | 0.0430+0.0066 | 0.0373+0.0044 | 0.0406+0.0082 | 0.0463+0.0141 | 0.0332+0.0099 | 0.0531+0.0063
Bromodichloromet
- - - - 0.0055+0.0033 - - -
hane
Unknown 2 0.0023+0.0001 - - - - - - -
Unknown 3 0.0087+0.0010 | 0.0089+0.0018 | 0.0090+0.0014 | 0.0076+0.0004 | 0.0057+0.0004 | 0.0075+0.0006 | 0.0064+0.0003 | 0.0070+0.0011

* Aekgk (ZF A5 peak area/U]

A=
HFaxsE4d

o] peak area)®] 3 + Standard deviation
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3) GHFEA A4S o] &3 dAuAgE FnjgdiE Aol 4
AndEE 8F A5 ILd AE AolE &7 & thAEEA B4S AAE At PCA
A3, PC 13 PC 290 9Jsle] 5 A2l dAndagsE Aar FES FAT 5 AdAfa, o
of PC 13 PC 2¢] +4 7]o]&2 54.09% AL, 712t 31.62%, 22.47%°] #4F 7199&8& 7HA
(713 2-2-19 (a)). PCA ATA A=7F HalgSs gelsa PLS-DAE 2AA 3 Ad (bh), E
3 o LPCE was A8 75 No 122 wiyd A87F PLS 1S 7|Fo2 Rags =
X

T ATk ¥ 5 LEM3 No. 102 Wa ¥ A5 IS Z89A &t

(a)

No 35 gz

LPC0TC 27

LPC35°C |42 \,“ " B

7 W
\8' -------- -l

Control

nil -

16208

RA[2] = 0.204680 [llipse: fotelling T2 (0.%)

No 35°C 3

LPC 30°C W

\
]

LPC 35°C 14

I
et 1O 5 87

No 30°C 47 "« ‘(ﬂ“

’ W

[ 35 uy o~

N
I

“No 5% k5

Control

a9 19, dAndkg
plot (b)

it
(0¢]
ofN

RE[2] = 0204604 [l1ipse: Hotelling 2 (0.%)

A& PCA 7|4t score plot (a), PLS-DA 7]4F score
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Control A|82E& A9 359 w5 3T A 2olE +4387] ¥t PCA 714 score plot
A3, PC 1& 722 &9 Weko] LPC 5 A dnjdaso] #dH3y, 9 WiFo=
o5 No. 13 LFMe =z 3= Als7F ZFAY (28 20 (a)). PLS-DA 7]¥F Variable
Important Plot (VIP) value 0.7 o]&o 2 A A3 loading plot A3, LPC A&7} $1X%3 PLS
1 %o wakog Rygo 7]odd E&S cyclohexane, acetone, unknown, 2-methylfuran,
2-butanone, isovaleraldehyde, diacetyl, dimethyl disulfide, 1-butanol, isobutenylcarbinol, amyl
alcohol, acetoin, 2-ethylhexanol, unknown 3, benzaldehyde, phenol®] %1 2™, No¢t LFM A&
7F 918 PLS 1 &9 WeFo g2 7193k &2 ethyl acetate, unknown 1, isobutanol, isoamyl
alcohol, 1-hexanol, acetic acid, 1-octanol®] 1t} (& 20 (c)).

(a)

4 No 25°C 4%

) No35C 2 {

HIK[1] = 0.35908 BR[2] = 017047
Ellipses Rotelling T2 {0.%) SICAR - BH40E

{ No 25°C ¥

No 350 &gy .. {
) EQ.{,. W\

No30C g (un 1)

CIE R D U T A S R A IR AN A N S N N

R[] = 0.350975 AL = 0.074008 fl1ipse: Rotelling T2 (0.%5)
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# 7| g .M2 (PLS-DA)
p[Comp. 1]

Cyelohexans.
e
Unknowen
b
Inovaleraldehyde
Diacoty|
ko
Licbutanal
I-butanal
Incamyl alsohol
Acetic acid
2-Efhylhaxanol
Tk on
Banzldehyds
1-Octamol

Dimethy disulfido
Tsobutonylsath inol

Bromodichloromsthane

Mo

Var ID (Peimary)

R2X([1] = 0352975 SIMCAPS 11 - 2014-07-18 2 10:51:58

Y 20, ¥ 3 Sn AR PCA 719 score plot (a), PLS-DA 7]4F score plot (b),
PLS-DA 7]¥4} loading plot (VIP>0.7) (c)

Control A&} LPC w5 <& wHad drdas A5 FnAdRS vlustr] 93
PLS-DAE &A% 23 PLS 1 (4849%) 93] LPC 5= 22 ¥ AR} controlo] &4
S selg = At (29 21 (a)). PLS-DA 7]4¥F VIP valueZ 0.7 o]4 o2 A A3 loading
plot 23}, control A]&°| acetaldehyde, unknown, 2-butanone, unknown 1, chloroform,
hexanal, unknown 2, benzaldehyde®] 3t=Fo] Ertomw LPC w2 HEH AR+
cyclohexane, furan, 2-methylfuran, ethyl acetate, isovaleraldehyde, diacetyl, toluene, dimethyl
disulfide, isobutanol, 1-butanol, isoamyl alcohol, isobutenylcarbinol, amyl alcohol, acetoin,
acetic acid, 2-ethylhexanol®] 3t&Fo]l =tk (2% 21 (b). ¥ LPCel 93 Tgd Au&
dhg A ElskA] @ controlel  M]d|  furan¥, esterir, alcoholf, carbonyli, acid¥F,
sulfur-containing &2 ¥ 22 Irjdto] S7HEES & F AATh ol Ya Ao o dn
g 5 9] sweet-burntdlil wine-like, buttery, onion, green—fruityst'¥ 4] pungentdt & &4 3}
#HHo] S HoE Atz HT
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LPCentrl M2 (PLSDA)}
p[Comp. 1]

s § P § E ¢ & & F ¥ E E £ P I T B EI E S5 % 3 B OB G
2 5 z a = 5 & & s 5 a o =
F § ¢ £ £ = § § 8§ B & 3 2 § I 3 = & £ ¥ &8 : & s ¢
o 5 E £ = }- | = [=] = o - o I -] = 2 ki x ' = o =
= =1 5 = E B il i = i 2 = = = = = = w £
= & 5 T & 3 3 G = = E £ 3 & £ H @
. ] s 5 @ g b 5 &
2 o & e} = B o 5 g X1 E
o 2 E ] a o =
o = = 8 %

2
2 =

Var ID (Primary)
RZX[1] = 0.4B4888 SIMCA-F+ 11 - 2014-07-14 S & 5:18:35

oy 21. LPC ¥5=2 wa Agd dvEgE3} Control 7HY] 34 v Ad & PLS-DA 7|4k
score plot (a), PLS-DA 7]4} loading plot (VIP>0.7) (b)

Control A|E¢F LFM 5] &) 2aw 54‘3]‘:”553‘_“9] Sl A B S nwsly] 98] PLS-DA
A5 AAE Ay PLS 1 (82.00%)0 ¢l&l LFM w5 #& A &9} control A&7} FE ¥
o3k = Aot (29 22 (a). PLS-DA 7|48k VIP valueg 0.7 °] o= A7 3t loading plot

A3}, control A& EF 7ot B2 acetaldehyde, acetone, unknown, 2-butanone,

.
15

isovaleraldehyde, diacetyl, unknown 1, chloroform, hexanal, unknown 2, unknown 3,
benzaldehyde, phenolo|1al, 5 LFMe] o&f wad Al o 7|93 E4& furan,
2-methylfuran, ethyl acetate, toluene, dimethyl disulfide, isobutanol, 1-butanol, isoamyl
alcohol, 1-hexanol, acetic acid, 2-ethylhexanol, 1-octanol®]1t} (2™ 22 (b)). 5 LFM®I
o wEE AlgE wEg g o ¥ controlol] ¥®]8] furan®, esteri, alcohold, acid¥F,
sulfur-containing &2 ¥ & gn|dFo] F7FsRIL, ©]= sweet-burnt, breathtaking,

wine-like, onion, sweet, fatty—fruity, pungent®} 2 3kn] EA S vheldict,
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(a)
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i[2]
]

REA[C] = CLA00% REE(L) = 003 Ellipse: Botelling T2 (0.93)

(b)

LFMentr. M3 (PLS-DA)
plComp. 1]

Pl

= c g ® © = = © @ == = = o B = = = = =
3 g 2 g B z < T £ 5 E c z 2 2 2 S = 2 % 2 2 E 5 2 E 2
= 5 £ 2 = B 2 £ a3 E 2 3 5 a2 2 z = 8 2 g - 2 g £ B E &
T e £ =S 2 ] z il g 2 5 o @ 4 z T w b 2 o @ = L] 2 &
= 2 = £ = 5 0 a = 5 = = = a E = & = 5 = = e Q =
] 3 3 £ = [ £ = = 2 - 2 z = 5 g E 5 B = g
i £ ] a £ G E 5 £ £ = 2
2 & b= T E = 2 & 5 =
o 2 E o i o = >
& i 5 b=l =
o = 2 o
w E ko
£ & =
Var D (Primary}
RE2K[1] = 0.819388 SINGA-F+ 11 - 2014-07-14 =% 52014

23

% 22, LFM veoz wEd AvdEEI control 1Fe] A Fv|AHE PLS-DA 7]
score plot (a), PLS-DA 7|4} loading plot (VIP>0.7) (b)

Control Al&9} No. 1 5o <& wgd dvEgEe s dlustr] 13
PLS-DA #4& AAIg 23, PLS 1 (60.59%)° 9& 5 No. 122 WaH A5 ¢ control
o] #EHS Fg & Atk (2™ 23 (a). PLS-DA 7|HF VIP valueE 0.7 o] o=2 A3
loading plot 23}, control A& F&o 7|93 EZH acetaldehyde, acetone, unknown,
2-butanone, isovaleraldehyde, diacetyl, unknown 1, chloroform, hexanal, unknown 2,
unknown 3, benzaldehyde, phenol®] %13, No. 1 5] ol&] wad dntagsE o 7|9
st =2 furan, 2-methylfuran, ethyl acetate, toluene, dimethyl disulfide, isobutanol,
1-butanol, isoamyl alcohol, amyl alcohol, acetoin, 1-hexanol, acetic acid, 2-ethylhexanol,
1-octanolo] ATt (28 23 (b)). ¥F No. 1o o3 BHad AlgE 2F A <¢kE control Al
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2ol H)8f furan¥F, esterf, alcohol¥, carbonyl¥, acid®, sulfur-containing =23 #Z2 A&

o ol =taL, o] &4

rlo

sweet—burnt, breathtaking, wine-like, onion, yogurt-like, sweet,
|54 e,

flo

fatty—fruity, pungente} %

(a)

No25C #g
i
04

e

2N
L /
=== Control

t[2]

—

REA(1] = 0. 605063 Y = 0191075
Ellipse: Iotel’ing 72 (0.%) QIR . TR P

NoCntrl.M3 (PLS-DA)
p[Comp. 1]

Pl

c c & B 2 = - 2 @ = B © 5 ] 5 5 o = L] @ 5 ]

€ g & ¢ & & £ £ ¥ ¥ E § £ E B E &2 & E § T ¥ % £ § £ B B
£ 2 £ &8 =2 i g £ 3§ : 8 2 =z B § z £ & 8 =B § 38 2 &8 : £ £ £
3 g £ B »= £ = /5 £ 5§ £ £ £ § * g =T w 3 £ £ & E £ & g =
) 5 § £ 2 B E 2 = g =2 o : 2 B § E 3§ =
o = 3 o £ 2 5} £ = E E ) £ 3 o
£ I b=] 5 T ] i =

= 2 E = wl

2 = 2

T

£

Var ID (Primary)
EZRITL = D.en5H6y SIMCA-Ps 11 - 20140714 S 52122

% 23, ¥ No. 122 wray dujitg 53 control 7He] 3vby v Ad & PLS-DA 7]wH
score plot (a), PLS-DA 7|4} loading plot (VIP>0.7) (b)

Arda e TR 2= AR FFn AR AeolE H7] fs) PLS-DA

S o 5% PLS 1 (45.02%)E 7o =2 o] wrako
Atk (19 24). ©] w, PLS-DA 7]%F VIP value
ZAEL 2-methylfuran, ethyl acetate, 2-butanone,
isovaleraldehyde, diacetyl, unknown 1, isobutanol, 1-butanol, isoamyl alcohol,
isobutenylcarbinol, amyl alcohol, acetoin®- = 3 14¢} 7t}

=

B A E2 diacetyl, acetoin, ethyl acetate©]

rlo

LPC 30 AlmolAl Sejx oz sho] 7HE 5=
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t}. Butter S ¥+ diacetyl< citrate metabolism< &3] Y2 +=d|, pyruvate®t acetaldehyde
7} a-acetolactate synthase@ <13 a-acetolactateES HA3}al, o]+ oxidation® % diacetyl<
g Al3lt}  (Reineccius, 2006). dAv|&a & 5 wjoko] AFEH glucose”’} A& % o] citrate
metabolism< 23 diacetyle] FAEULS Aoz Atgdrt. 2870 LPC #57F 30Tl A
FEHAS Wl glucoses 7HE ®Wol A& 5 = Aok 28 Y diacetylS A FolA L
ThA] oF4 A o]#] E&}al, diacetyl reductase® <13l acetoin® & ¥3to] E5F9] o] ZojE 4
ATt (Reineccius, 2006). Cream-butter®} yogurt@d2 &S == acetoine a-acetolactate”}
decarboxylate¥ o] &A% 7]% 3}=d|, odor threshold”} diacetyl®.t} o} dFo] ] <fslct
(Reineccius, 2006; Bartowsky and Henschke, 2004). Wine-brandy &5 ¥+ Ethyl acetate™
ethanol?} W&o ol&f WA EE= AR HAEe] o ~H 23}o] o8] Aojxt} (Xio, et al., 2001).
Ethyl acetatex= g T2, B o4l gilSE, 2Y Fo FEZ AR H7|E g}t (Yuda,
1976).

Isoamyl alcohol, amyl alcohol, 1-hexanol &3 %] alcohol fermentationZ} & A=+
higher alcoholsE F A+t 3ttl (Lachenmeir, et al., 2008). FA -+ acetyl-CoAS =3
AR 7= star, ofuxqt AAdHAE F3 AAdEH7IE stedl, leucine synthesisZH-H
isoamyl alcohol, valine synthesis®l4] isobutanol, isoleucine synthesis®4%E amyl alcohol©]
A2 #¥ v} (Kanehisa Loboratories, 2010; Lamsen and Atsumi, 2012). In 5 (1995)¢] ¢]&lH =+
= FAAFE AFoeR EAT 4§ u &S moFyY gHEoR EA Alds i JEs
T 9t LPC 2g dndgEdia FAA= gAHez By 227t 45 5-F F7)s
& Holed, ol HEREV FUETE ofn gt Aol Frkete] FAS el &
Ao g% F=3 4= At} Ough 5 (1966)2] A-FolM = Saccharomyces cerevisiae A5
uf, 3 yeast celld] o] 7Hg wWol dojuhs %<2 21-26TAA FAF7F 7HE =

Sweet-gassy, metallic-burnt?3 &S == 2-methylfurane F 2 Maillard ¥l T2
fragments®} o} =4k aldol-type WHSS threonine®] Strecker aldehyde’} <&
intermediate= A stAl #Zg3te] A HTH (Limacher, 2008). 2-methylfuran< LPC 5 A g
Alge] HEErt Emobda s gkl rbekldl, Huang 5 (201D 2J8t%l furan=

carbohydrate model system WolA &%7F =S5 uf =713k},

LPC #F=2 35TCoA wad Aot 4% ZZ =+ isobutanol, isobutenylcarbinol,

2-butanone®| ™ FE% 02 sweetdt &S EFT]
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[PC0C 4z
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Y' ’/

S LPCSCHE

RiA[C] = (L0

a9 24. LPC w2 A9 Ala3te] 3uA

3 14 LPC #5F= AHgd A=

R = L1407

Skn

2o fuy g

Elipse: Totelling 70 (0.99)

qe A

1% PLS-DA 7]4} score plot

=2 0
LPC25 LPC30 LPC35
Alcohols
1-Butanol 0.3523+£0.0075a 0.3569%0.0166a 0.4028+0.0059b

Isoamyl alcohol

0.0208+0.0009a

0.0198+0.0012a

0.0279x0.0042b

Isobutanol

0.0051£0.0013a

Isobutenylcarbinol

0.0290+£0.0060a

Amyl alcohol

0.0146%+0.0020a

0.0185%0.0018b

Aldehydes
[sovaleraldehyde 0.0197+£0.0013a 0.0138£0.0010c¢ 0.0160£0.0013b

Carbonyls
Acetoin 0.2246x0.0227a 0.3076+0.0177b 0.2085+0.0104a

2-Butanone

0.0108+£0.0009a

Diacetyl

2.4942+0.0884a

3.0260%+0.0103b

1.7279%0.0293c

Esters

Ethyl acetate

0.2683£0.0187a

| 0.2717£0.0163a

0.0148+0.0032b

Furans&Furan derivatives

2-Methylfuran

| 0.0029+0.0005a

0.0052x0.0022b

Miscellaneous

Unknownl

0.0223£0.0007a

* p<0.05, Duncan’s multiple range test
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#F No. 102 Aze @ 1%:51%94 wE exd Ao Pul 4R Folg 1wyl 93
4 Fow ¢

PLS-DA #4415 AAg 23 PLS 2 (2211%)E 7|22 59 wWakd No 259 No 30 A&
7v A8k, o] WMo R No 35 AlE7F 91A1ES & 4 Aok (27 25). o] uf, PLS-DA
7IRF VIP value 0.7 ooz Fol4dl Aol7t & EZHEL actaldehyde, furan, acetone,

unknown, Z2-methylfuran, ethyl acetate, unknownl, chloroform, toluene, dimethyl disulfide,

isobutanol, xylene, 1-butanol, isoamyl alcohol, acetoin, 1-hexanol, acetic acid, 1-octanol= 3%
15} 2okt

Ough % (1966)9] Aol A= Saccharomyces cerevisiae &3S W, 39 veast celld] A
7V wol dojus 259 21-26TCAA FARTE 7B = A e, o =

@l o e ex
U o exoa do] 7haddt. ® AFAME, #F No 12 25T @aAzl dnj
BE A BN FAGI 7P =A AEEAG

3k 3l gy} cabbage-like®FS A dimethyl disulfide= methionine©] &l % o] A A =
71% &3l (Reineccius, 2006), Maillard WF-S-ol A 3 St olujiilo] o] &= 79 AT
el 2 9t} (Jarunrattanasri, 2008). 75 No. 1282 2HE ¥ IAvLdFgE AgZoA dageer}
=S4 2 stigo| 7HA4AFY

5 No. 122 25To|A wad dAndgEoAvt acetone?} acetaldehyde’} &L,
o] 2 77t 519 solvent odor<}, pungentoPDq 4] nutty alcoholic noteE YEFHT}. Acetone
decarboxylation®. & A Z T} (Wang, et al., 2013).
Acetaldehyde+= pyruvate®] decarboxylation® = A4 ¥t} (Reineccius, 2006).

< pyruvate’} a-acetolactate® W FH I

7T No. 122 30ColA BHad A B0 A9 creamy-butterydtil yogurt-like &S 713
acetoin?} orange-rose, sweetstH A waxydt &S AW 1-octanole] &4 % ATt Sweet-gassy
3}l metallic-burnt3dt &S 7}z 2-methylfurane 75 No. 122 35T A wad dAnjata
Eo Mgt A EA. Huang 5 (2011)°] ]t furani+ carbohydrate model system uiell
A 2=V =5 W SUkstedl, No.o 1 #F Ag Alg9 A, 7P 52 2521 3BT F+H

o
o
furan$¢] A 712 & d}¢l Maillard reactiono] 2 o] Fol 5 & A o] =

j}i
e
A\

Acetic acidi=  citric acid®} lactic acid metabolisms E3 A AU amino acids?)
catabolism®. & @A ¥ 31, Acetobacter organism® #8902 ethanoloZHEH AAEH7| = ko)
(McSweeney and Sousa, 2000; Reineccius, 2006). No. 1 A& |4 = acetic acid?} 30T ol A]
7 = SharS Hth o)le @E 2% 30TCoA FFEo] ofn| Aty frAbS s g

3 ol g +3T + Ak
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kA gFnj Al R PLS-DA 7] % plot

No30

No35

Acids

Acetic acid

0.794040.0239a

0.8997£0.0325b

0.8155+0.0413a

Alcohols

1-butanol

0.4308+0.0346a

0.3616%+0.0457b

0.3276+0.0023b

Isoamyl alcohol

0.0382£0.0019a

0.0232£0.0011c

0.0329£0.00001b

Isobutanol

0.0109£0.0017a

0.0036£0.0005¢

0.0078%£0.0035b

1-hexanol

0.0305%0.0016a

0.0285x0.0007ab

0.0259£0.0014b

1-Octanol

0.0021£0.0003a

Aldehydes

Acetaldehyde

0.0116+0.0015a

Benzene&Benzene derivatives

Toluene 0.0421£0.0280a 0.0791%£0.0183ab 0.0877£0.0257b
Xylene - 0.0052+0.0029a 0.0059£0.0046a
Carbonyls
Acetoin - | 0.1193+0.0304a | -
Esters

Ethyl acetate

0.1966x0.0063a

0.4580%£0.0302b

0.1469+£0.0047¢

Furans&Furan derivatives

Furan 0.0073x£0.0019a - 0.0067£0.0024a
2-methylfuran - - 0.0046£0.0004a
Ketones
Acetone 0.0138+0.0027a | - | -

Sulfur—containing compounds

Dimethyl disulfide

0.0283+0.0031a

0.0133£0.0067b

0.0126£0.0011b

Miscellaneous
Unknown 0.0169£0.0019a - 0.0124%+0.0012b
Unknownl 0.0298+0.0027a 0.0186+0.0033b 0.0262+0.0032¢

Chloroform

0.0463£0.0141ab

0.0332%+0.0099a

0.0531+0.0063b

* p<0.05, Duncan’s multiple range test
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tS 15 (Lactobacillus parabuchneri 12) R3IY 125 AA AAPF BR73y Lactobacillus
paracasef LFLE -4 Ao vl A7) F LA AubAel SRS AYs] E9om (75
= 365, A& WAoR vk FAAACA FHi AddEadToe Ak ApEAAS AL AL
2 7tk

AWM HE Lactobacillus parabuchneri 1.2 Lactobacillus parabuchneri LMG 11457T(AJ970317)
oF EAA o2 100% homologyE Hol #d o TdE& &3 F7F A7 &0 Aoz H
o]x= b API 50CH KITe|A Hol= type strain¥}o] &4 o]89] o)== o] #F7} ot

¢

A THsHe At FHA Aol Bh BHE 5O FAATE B uot BA TF 54
o] Wed Ao wrp

BoATelA AR WHES B o v A% #37l G & e TAAL,
FF RH2AS 0% AAdete] A9 ARAFAA BhHE BAA, FAY 5 B§
of GrIEH AP A FATL B, dFG ABE FAT poole FHFILA Brh

1 4(6%) 71 F 6
1421 23l M = T 24F0] AJ_E;%EJME}
(% 17).

ol = ZheHl FEsHH o2 FARSE s AL% S FE AdEstel RS WA 23 con,
L1, L con, L5, L3, 14, 2 o2 5 AsAo] Htow 714 =L 7%
Hslo] A4 A4S AYPSIATHIH 26)

e A= WA (5%) e 714 test Ak

Al F =] 53 17 11 0

A A 14 11 13 1
Al 67 28 24 1
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a9 26. L1, 1.2, 13, 14, 15, L con(L. paracaser®] 3+ 3k

5
[L1~5(F8F HZE), con(MHFT), Leon(7] B

W) 2AH 5A A

Bodo = 27TFSF 1492RS ©]83+9] 16s rRNAS 533}

[e=]
AN

il -
Ras

a1, 1600bpe] PCR

TF Y Busy|sE Yo}

] |:|:| %l

6 -

54
H
o 4
~

3 |:| £

21 %

P I s |

coln LI1 LI2 LI3 LI4 LI5 L clon
RSS!

NE% 37} A

2t} EzTaxon server 2.1(Jongsik Chun), Megad 52 ZT213S o] g3 4

= Lactobacillus parabuchneri LMG 11457T(AJ970317)2} 100% L x|&t= AH}E B om(F

#F HET)]

2 3

BEe o
oY @
A

18), phylogenetic treeE E3l Lactobacillus sunkii YIT 11161T, Lactobacillus otakiensis
YIT11163T, Lactobacillus buchneri JCM1115T, Lactobacillus parakefiri 1LMG15133Te°l 7}7}k
= Ao E YERGTH L 27).

¥ 18 12 9] 16s tDNA #4] Z3}= o]83F EzTaxon server 2.1(Jongsik Chun) Blast 23}

l View all seq ][ Viewfacc) H View(zZ) ][ MJ Tree H Add guery to cart ][ Add ta cart ]

Rank NameTitle Authors strain A Peirwise | piiTotsint| TESSOLASL | BLASTH | p.,
< Lactobacilus parabuchneri Farrow etal 1983 LWG 11457M) AJSTEIT 0/1437 2827 2817 = ;j >4
Z |Lactosacilus sunki Walanabe =t al 2009 T TG ARTERIE 111438 747 Err S04
3 |Lactobaciluz otakiensis ‘Watanabe et al. 2008 YT 11183(T) AB2S6336 §9.238 1171428 2747 2728 = j%E
4 |Lactobacilus kefin Kandler and Kunath 1583 LIAG 54807} AJEZ1553 161428 2702 2688 = = %E
5 |Lactobacilus buchneri {Henneberg 1302) Bergey et al 1823 JCM 1115 AB205058 171433 2700 2582 2085
& |Lactobacillus rapi Watanabe et al. 2008 YT 11204(T) AB388388 1811438 2684 2680 = = %
7 |Lactobacillus kisonensis ‘Watanabe et al. 2008 YT 11168(T) AB36E32E B84 2101438 2668 2658 | % E
& |Lactobacilus parakefir Takizawa et gl 1394 LMG 151330} | AY0267S0 98460 211364 2531 i EOeH
% |Lactobacilus parafarraginis Endo and Okada 2007 HRIC D&TT(T) AB282724 9v.382 P P 2595 2579 =1 = % E
10" |Lactobaciluz diokvorans Krooneman =t al. 2002 JKDE(T) AFZE4701 87871 291387 2488 2466 e | %E
11 |Lactobacilus hilgardif Douglas and Cruess 1538 ATCCB200(T) |ACGPO1000200) 57457 361438 2538 2527 = j%E
12 |Lactobacilus farraginis Endo and Okada 2007 NRIC 9878(T} AB282731 98.540 44n4ze 2478 2488 = J%E
13 |Lactobacilus senioris Okietal, (in press: YIF12364(T) ABEOZETD 85619 8311428 2343 2337 etz | % E
14 |Lactobacilus kimchicus Liang etal 2011 DCY51(T) EUET8803 94755 7511420 2238 2212 & j%
18 |Lactobacilus malefermentans fex Russell and Waker 1852) Farrow etal 1888 DSW-5705(T) AM112783 84208 EDi1430 2171 2157 D”'j %E
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dsactobacillus sunkii YIT 11161T(AB366...

dsactobacillus otakiensis YIT 11163
Lactobacillus buchneri JCM 1115T(AB20...
giéactobacillus parakefir-MS] 15133T(A. ..

sem1-L2

17I91§ctobacillus parabuchneri LMG 11457T... I:
kiserensis Y +HH68HA———
ctobacillusrapi-¥H—1+4204HAB366389)

L

d8actobacillus

0.002

actobacillus

e BN

9 27. MEGA 45 ©]-&3F phylogenetic tree

th) " A= API 50CH KIT H] 2l test

Hlnl A3 L2% Lactobacillus parabuchneri LMG 11457T(AJ970317)¢F €2 D-Galactose,

Bagow

D-glucose, D-fructose, esculin, D-maltoses

D-Lactose, starch °]8& 3FA] &+ o=z =gy 7|&

o e Asets 542 bz #FE ) HATHE 19),

1§ %

e

i L. parabuchneri LMG 11457T

LR R

¥ 19. Lactobacillus parabuchneri LMG 11457T(AJ970317)9} 1L.22] 497FA) 2] g4l o] 84
Hs test L2 2’:};?“ HS test L2 R’rl;?n
O |control 25 |Esculin +
1 |Glycerol 26 [Balicin
2 |[Erythritol 27 |P-Celiobiose
3 |D-Arabinose 28 [D-Maltose +
4 |L-Arabinose + 29 [D-Lactose
5 |D-Ribose + + 30 [D-Melibiose + +
6 |D-Xylose 31 [D-Saccharose +
7 |L-Xylose 32 |D-Trehalose
8 |D-Adonitol 33 [nulin
9 |Methyl-B-D-Xylopyranoside 34 [D-Melezitose +
10 |D-Galactose + 35 [D-Raffinose + .
11 |D-Glucose + 36 [starch
12 |D-Fructose + 37 [Glycogen
13 [D-Mannose 38 [Xylitol
14 [L-Sorbose 39 [Gentiobiose W
15 |L-Rhamnose 40 [D-Turanose
16 [Dulcitol 41 [D-Lyxose
17 [nocitol 42 [D-Tagatose
18 |D-manitol + + 43 |D-Fucose
19 |D-sorbitol 44 |L-Fucose
20 |Methyl-a-D-Mannopyranoside 45 [D-Arabitol
21 |Methyl-a-D-Glucopyranoside 46 |L-Arabitol
22 |N-Acetylglucosamine 47 |potassium Gluconate w
23 Jamylgdalin 48 [potassium 2-Keto Gluconate wW
24 |Aarbutin 49 |potassium 5-Keto Gluconate |w =

2) L. parabuchneri(©)s} 1.2)e] vz Ag A}
129 HA AS5x71L2 30°C, pH 68= YERG o™, 50 ml (250 ml Z2k2==) MRS 8 #] <]l

1.5%(v/v) AE3ske] 150 rpmell A s date 3ol &5 gl 7 23

Z ol o 3F}o)

1Ta s

=

-

sttt

5
wH]

=
=
o



57

2 497 FARNARED 29 o #rE Aade 45 BlEFE B Azt Solde n
751'0 g

th 150 rpm ool xielA 21 018} %7 ]A ) xgqﬂr H] 3l é}—t— A8e Z7}

k=1
sk MRS #j#| k] Aol & %‘Dh_ Lactobacillus parabuc]znen L29] HAdF 248 3 dtd]
of & Aot} AAAQA 7|Z=7F dEF tH] 100%°]4 wold dFdS #etstd F5 32
w89 7|gto] W= F HEEe TN A A BEAHEREA o870l =&

2 gekg

7h wlg 2me e Aitg W

W7 18726417 A3 59 AElel A 129 &% Z7W(30°C, 35°C, 37C) Wik A ZHzte
Lo w2 AKAES o7t AAE Fouy (FFES 1007FE) 30T LA g @
2 A7 FAFHJTHE 20). 30C~37C HHoA A= £ Fe HAtfa & 4 9l
[e]

o F A9 UelAE 30T A LER ¥ £ 9

320, L29] exxdo] i A A

£E(T) 30 35 37
| W) A] ZH (hour) 18 26 18 26 18 26

A 3=+ (log CFU/g) 9.23 11.22 9.21 10.93 8.91 10.76

) 271 pHell wh& A5 dr= v

L2+ Z7] pH7F 6~TAtolol A £ AS5S Bilow, vo HAo x7] pH =15 27|
el AlFTbE s Aol AAEAH pH 6.0 o Bl&| pH 65, 7.00014 =2 A

wnalow, o gk A A3 A3 pH 6814 FHael AdssE 7HE A
ATH(2E 28). ool L29] wiAl %7] pHE pH 6.7¢14 6.8¢] HEZ wix& A3 F
o] L29] Aol AL Ao H
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0
9
9
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3E 21 FA e FEgEe] P Ed g

Al wi &HH] (%) FEaE aj ] (%)

P 187 ge ¥ 9
6% A+ 1677 ok 5

o} 26 = 2
T 2.0 b 2

=
A 100.0 74] 100

1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26
e 22 days) g 212t (days)

a9 30 HE2ed sAve FEEEe rtedEid ezt mE Aol s st

tEd e (%) pH A5 (%) 42 (%) | AN(mg%) TE(%)
EAm 2.92 3.32 0.76 0.09 28 97
TEE 2.34 3.41 1.11 2.39 42 91.51

Akt % o] ul A T
B 6.7+10°7 1.88+10°4 188104 | A TAl

B ) =
Tl E R L7108 | (qipapan) 9+10°2 HEC
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Starter At EE L& FES gt 2 AFHA A FHH fFAEo] 7S HAr
o} oJWl zo]E Ho|=X 9} Fo| Wg startervt S 2ZH HAINAE HrlstaA s 7
T+ Lactobacillus paracasei(©]3dt LC: facultatively heterofermentative)o] ™, ¥ 3}4]
2" 2 Lactobacillus parabuchneri(©]3} 12: obligately heterofermentative) ©|T}. ©]
starter® sto] F g Al F AR o] @ o8& L27F LCRY §-Alek AL, 1ol
712 A ESrr 127F o wEA et o (1E 31), LCol§& FHa=Ee] 9
Holou 12w ool vl A Aol HbAl fAEH (2 32) # ATHA
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* 26 2% 8 Tt &g FHaEl ds 23
ws oz i sl
(day) 25 30 35
1 2.84° 2765 | 2.94°
4 3.45° 3.75% 3.31°
11 4.01° 3.98° 3.42°

45

s

JZE SHHEE)

3 /
*25°C W30°C 4 35°C

25

0 2 4 6 8 10 12
YE7|7 (day)

2 37, 2= 8 aviel we vRare g Ak

t}. Scale-up o] W& FdgEo g ¢A U EF Zo] F9

M Y wtg 2H, S5 F 70%, A7 2%, vtE 3%, Ak 2% 2 wigste] 30C=E 99U
g ale], FA0 Walel nAEY W3S gl (2E 38).

T HgES %7] 24A7kol o] A= 0.8%0°]4F, pH 4.00]3, 99 1% o]st= WH3lel <

AE(AN)O] 40 mg%uWel, mlA=Ee] 45, FAkt 80 log CFU/mIold, 2% 20 log
3.

CFU/mlo| 3t 2 vgkt}. o] % 5 ko] <Al HolE A== 1.0%°]4, pH 4.0013F, 99 05%
olatz =glA W3lely SAE(AN)O] 45 mg% B E, FAHTS 7.0 log CFU/mlolA, &x ¢
AubA S 20 log CFU/mle)3t= ygtom 5ol A= & WHel7F gl Aoz g9l

= A,
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Boxplot of &UrA

Data
M (8%}
1

FUagEe =3 ] aE =l;
T2, 7714k ofn A4k vyl & AR dish BAS ARSI THE 27)
o] 235 nigow ZRY = vts 3% FHEES F 11 keal, "tEs 0% FHIEE2 8 keal

®27 mRaEdE fe, F714 obvlwal, vl 24 At
s T g E(mE 3%) T AFEME 0%)

fructose 268.69 224.55

glucose 1183.07 1614.13
e g sucrose 0.00 0.00
(mg/kg) lactose 0.00 0.00
maltose 0.00 0.00

3HA 1451.76 1838.68
Citric  acid 0.00 0.00
Tartaric acid 0.00 0.00
Malic acid 0.00 0.00
874 Succinic acid 0.00 0.00

Lactic acid 6370.81 6818.81

(mg/kg) Acetic acid 3043.36 3018.71
Levulinic acid 0.00 0.00

Pyroglutamic acid 324.69 337.31

A 9739.36 10174.83
ASP 0.01 0.00
o THR 0.04 0.05
e SER 0.01 0.01
GLU 0.01 0.02
obv 1= H(%) PRO 0.00 0.00
GLY 0.01 0.00
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ALA 0.01 0.01
CYS 0.00 0.00
VAL 0.02 0.02
MET 0.00 0.00
ILE 0.00 0.00
LEU 0.01 0.00
TYR 0.00 0.00
PHE 0.00 0.00
HIS 0.04 0.06
LYS 0.00 0.00
NH3 0.06 0.06
ARG 0.01 0.00
A 0.18 0.19
ASP 0.04 0.03
THR 0.01 0.01
SER 0.01 0.01
GLU 0.13 0.11
PRO 0.02 0.02
GLY 0.01 0.01
ALA 0.02 0.02
CYS 0.00 0.00
= VAL 0.03 0.02
o} v s AH(%) MET 0.00 0.00
= ILE 0.01 0.00
LEU 0.01 0.01
TYR 0.01 0.00
PHE 0.01 0.00
HIS 0.05 0.05
LYS 0.01 0.01
NH3 0.07 0.06
ARG 0.00 0.00
37 0.38 0.29
=3(%) 1.72 0.54
A1 (%) 0.04 0.20
3] (%) 2.34 2.02
2] 0] (%) 1.05 1.03
e 2A Ca(mg/kg) 225.76 158.77
Fe(mg/kg) 777 6.34
Na(mg/kg) 6570.65 3902.77
K(mg/kg) 951.09 523.08
P(mg/kg) 115.6 68.06
7+ 2 2 (kcal/100g) 11 8
' AL ITH 2 AF T4
We zdow RuER ANTAY 7 ¥Ae FATAS Agael ¥
FEAS FATY F JAEF 5% H 41)
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2 HHz|
i = Oy -‘.‘- opf &2 3
A (%) 1 20~40
= E (%) 1 90~95
A
._5-. 70% At Eo| 73
22 2% EH2IEt (%) - 1.5~4.0
\;.,,.Arit 2% = H (%) 1 9342
“SE (%) 23202
i £ :1.0~50 X10
gs
<30 +1 °C o
L4582
*40rpm gt .gﬂ?} P 1!0?1%;‘7 :
24 A|ZH 2B <5510 X107 03}
AHE(%) 1 07 0|4t
EHSIEH%) - 0.8 OB}

\ 5 =348 1434
‘AN %110 X107
1.0 X10? 0|3}

%) : 1.0 0|4
3

h
Lo
FE (%) :

FRE (%) 0.6 0|5t

1) 3A Fr)AdE BAS 93 dx)g setting 2 BA(vtEd Y FaasE ol g)
7} Solid-phase microextraction (SPME, ZAA1 A FEH)H S o] &3 nps daFd & 2

EEY A IR FE

nhs e 7 o EES] I FAES FFAIIV] A AR 54 5d EAe F
2 0] Carboxen/polymethylsiloxane (Carboxen-PDMS 75 um) fiber (Supelco, Bellefonte,
PA, USA)S AFg3tth 10 mL vialol ¥ 2&E 6gS #7F3 5 PTFE/Red Rubber septum

(Supelco, Bellefonte, PA, USA)°. 2 B33t} o= 60T Oﬂ A 300rpm e & stirring 3 60+

Zol HYAHE FAA7] & SPME fiberE F93ta 3 mmE headspaced] =FA|AH 20%
ek A v RS SESAY. A IR &2 GC-MS YT (250T)elA 5
=3F stk

G AR B

) GC-MSE o] & ff} u}-;— H7 - daEl g

SPME® S &3l F=3% 3 Fr]dE 2 6890N gas chromatographel] <312 % 5975A
mass selective detector (Agﬂent Technologies, Palo Alto, CA, USA)Z #4189 2, column
2 DB-5MS (30m length x 0.25mm id. x 0.25um film thickness, J&W Scientific, Folsom,
CA, USA)E AF&3t3th Ovend %% 40TolA 6%37F FAAZ & 200C7HA] #3F 5TH
2 200ColA 587 FAHEE AASEA T Injector?}t ion source?d &%+ EF 250CoI A
O 1 mass scan range 35~550 a.m.u., mass spectrat electron ionization (EI) "2 o 2
70 eVoll A dojxt}. 89 7[A 2 Heliume ©] €32 0.8 mL/minZ #%0°] 4
S AL, =9 #2L gplitless modeE AFE3F T SPME fiberoll §2% 31ubAd gkn)Ad

i

ol

T

il
o



injector %9 column Y5 S AA| AL 1= W22l cryo-focusing® S A 83 250T
o A 53+ &-2A 7T}

542 mass spectral database (Wiley 7nL.) %

SPMEH o= F=3 7 31244 A

manual interpretation®] &]3} ®

Acetic acid
Ethyl acetate | Dimethyl sulfide
T of
Abundance S ‘l /‘f
L4
5000000
Isoamylalcohol
4500000 |
4000000 I.I m-xylene
3500000 4 ," Isoamyl acetate
] 1
3000000 .‘I | p-xylene
| | | Methyl allyl disulfide
2500000 ' N g
| Benzaldehyde Butyl isothiocyanate
2000000 f / Dimethyl trisulfide .
| '/ 2-Ethylhexanol Butylated h
ydroxytoluene
1500000 g i / Nonanal || I
{ /' /| Ethyl benzoate v
1000000 A | /
' l #
500000 Vi v/
s i Jq h ||.lLL|l‘I.kl Hl“f ul Alljhlhlll._ — . § .
500 10.00 1500 20.00 2500 30,00 3500 40.00 45,00 Time

=2 GC-MS total ion chromatograms
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o) vs FH7F FEaE GC-MS 4 2y
kg g

9 438 B B7EE AEe FE REe dx2, v AHE T 0d Al FREE,
22 0TCTE 7tEA-gs 75 Has gz 7tdAe 79 044 dad FHgE9 Alm
EdAE g2 A8 E9 B3] acetic acid®] peak (28.05%)°] oFF A RATE Fg 7HE A
o 044 wae FrgEo| v dimethyl disulfide®] peak (9. 36*)01 F5lo] Uk

e R
o,
N
52

2
AC)
rot
-

N
—

t}. Ethyl acetate®] peak (3.93i%)2 H|7}E AHed Fo HaE3 2% 80C=E
o] Wrg &5 F A]8¢ GC-MS total ion chromatogramol A, && 7} QejEF= 1
EE7A=

i
of
o)
ol\

N
N

ForgE Al5¥ GC-MS total ion chromatogram< 13 433} 2t}

(@) W7t A2 F2as =T

\

! \\ Dimethyl Disulfide

| Acetic acid

(© WA Aol wE 5 A FUEE
i ,«mﬁth: -Ethyl acetate

/", \Dimethyl Disulfide

-7 Acetic acid

A A A
=== N2 =S [=STSSRENGES = s Cee a2 == = == ==



#1

(d) v7tE Ay 2dE 7d A FHEE

Acetic acid

| ' Dimethyl Disulfide
\\ )/l Teexos ST E) k:»s,,«x) ST E) 2 ES P=TS eoxo | tadcxo | tetcxo
) &= 8ocoM IE 0Y A FUEE
Dimethyl Disulfide
B R 1; —_____ -
(g) €= 80 Coﬂ/ﬂ 15 39 A FuEE
(h) 2% 80Tl Wa 79 A %nﬂj}:@%
\ Dimethyl Disulfide
| -~~~ Acetic acid
/ { I‘I
U L\‘w, O —

a9 43, g 59 GC-MS total ion chromatogram
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eh) FEE AY B A
AR 5T AR I8 HEES SPME F&& ol&ste] GC-MS= 243 23 %
827FA1 ] 3 AEEel EAHEAT (& 28). H7EE AL FE AREE FREE tixTol

A A67HA] R RS0 FAHESR A, acidF (1), alcoholi (15), aldehyde® (4), benzenF
(5), carbonyli (2), esteri+ (1), hydrocarbon¥ (1), sulfur-containing compound® (12),
terpene (4), 7|8} T7F 5 Fo] yUetyt H7td Aed F5 A8 TE 0d Ao FirE
oA 4271A] A sl %@Q%M—, acid¥ (1), acetal® (1), alcohol# (13), benzen¥
(6), esteri (2), hydrocarbon¥ 17}#], sulfur-containing compoundi 107}A|, terpenei 37}
A, 718 &7 57FA7F vEtd . v7td A g FE ARSS 2E 39 Ao FRaEelA 62
7HA sl AR ESo] HAHEALL, acidF (1)7FA], alcohol® (12), aldehyde® (6), benzen+
(7), carbonyls (2), ester¥ (1), hydrocarbon# (2), ketone¥ (4), sulfur-containing compound
7 (15), terpene¥ (3)7FA], 718} T/ 8 Fo| Uetwth v7td A F&5 ARES @E 7Y
Ao Ty EA 617F4] I AHAEEo] eAHHSUI, acidF (1)7F#], alcoholw (11),
aldehyde¥+ (7), benzen¥+ (6), carbonyli (2), esteri+ (3), hydrocarbon¥ (2), ketone¥ (4),
sulfur-containing compound¥ (15), terpenei (1), 7€} &7/ 8 F°] YEIRth 7FE A3k
E AMES TR EE gilxzTolA s 4574 LA AiEEel 4 AL, acidF (1), alcoholir
(12), benzen¥F (7), carbonyli (2), esteri (2), hydrocarbon® (1), ketone® (1),
sulfur-containing compoundi+ (12), terpene¥ (4), 71E} &/ 4 Fo] el 7t A g sk F
5 AFES 094 e FrgEolA 39714 3 AdiEEo] AU, acidF (1), alcohol

F (10), benzen¥ (7), esteri+ (2), hydrocarbon¥ (1), sulfur-containing compound¥ (9),

terpene¥ (2), 718} EF 4 ol YEtuth 7FEA g F5 AREE 394 HEE FEEEol
A 547k A AR ECl FAHEAALL, acidF (1), alcoholf (7), aldehyde¥ (7), benzent
(6), carbonylit (2), ester¥+ (2), hydrocarbon# (3), ketone¥+ (3), sulfur-containing compound
7 (13), terpenew (1), 718} 7 5 Fo] Wetwth 7t14Aed & AHES 744 23 d
Wrg Eo A 517F4 9] Jwtd A EEo] F4EALL, acidiF (1), alcoholi (7), aldehydeF (5),
benzen¥ (5), carbonyl (2), esteri (3), hydrocarbon® (1), ketone¥ (2), sulfur-containing
compound¥+ (13), terpenes (1), 7€} T/ 7 &°| YES

Xylene terpeni+9 Fafel o3 AdEHW, A ofxje] F8 AdEoltt (Mader, 1964;
Kuhn and Winterstein, 1932). #2438 E Al &4 xylene isomer’} #E4 0% HEHJ oM,
benzene# & AAH R FAHH F Jdovt tiFF AFAA EHAE U] "ol S 4
o|A % FHE F AOE AR HET

Sulfide#+ cystein®]Y methionin?} 22 3 &f ofn|x=Ato] #3 % AL, Maillard W8 Al
3} Sk ofmAto] o]gd A AMAFEY deA v} (Jarunrattanasri, 2008). Cooked
onion, garlic, vegetable &S 2til l+=H 53], methioneo] &3]% o] dimethyl disulfide®}
dimethyl trisulfide”’} #o] A= < <t} (Carunchia, 2005; Bendall, 2011)). Rouseff %
(2008)& olul oA dimethyl disulfide?} 2= A2 Wo] 7] HoA AAE o] W o3|
2 ¥ A8S 7RIvha Bkl
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Aroma
( 1’];{1’111"1) Compounds Odor Descriptions thar]iseh(()ilg
water)
2.101 hexane
. odor of "rotting” cabbage; cheesy,
2.266 methanethiol vegetative, meaty & coffee taste 0.02 ppb
2.326 2,2—-diethoxy—propane
Pungent, breathtaking; in dilution a
2.341 acetaldehyde nutty alcoholic note; enhances citrus 15 ppb
2.461 carbon disulfide
257 methyl sulfide Pungent, cabbage, cooked vegetable | 31 pp,
2.813 oxetane
3.016 acetone Characteristic solvent odor 450,000 ppb
3.027 isobutyraldehyde Pungent, malt, green sharp, pungent | o 443 pp,
Sweet, volatile ethereal-fruity odor;
3.162 methyl acetate similar to ethyl acetate
In high dilution, cocoa, fruity,
3.132 butanal malt-like green odor & taste 9 ppb
303 ethyl acetate Ethereal, Sharpédvg;ne*brandy like 5 ppb
3 Strong, cocoa-like, malty, fermented
4.376 2-methylbutyraldehyde odor, cocoa, green fruity on dilution 1 ppb
4.766 dichloromethane
Sweet, ethereal (alcoholic) odor;
5036 ethanol primarily used as a solvent 100,000 ppb
5.385 allyl methyl sulfide Sulfurous, Garlic, onion notes
6.022 diacetyl Strong, buttel;jyil L?t?gfl and taste on 9.3 ppb
Strong, acrid, pungent odor; N
6.018 pentanal chocolate & nut-like below 10ppm 12-42 ppb
7.334 (-)-a-pinene Resinous, pine odor; turpentine taste 6 ppb
Strong, penetrating pungent
7.379 1-penten—-3-one mustard-radish (alliaceous-like) 1 ppb
odor/taste
7.443 chloroform
3 . Strong, sulfuraceous, onion, meaty,
7559 1-propanethiol eggy, cabbage-like odor and taste 0.06 ppb
T TN Sulfurous, grilled meat, brothy,
757 2,5-dihydroxy—1,4-dithiane eggy, toasted bread, fomato
8.013 isobutenal
8.005 toluene paint
8.02 2-butenal Sharp, warm spicy odor
Alcoholic, fermented sweet odor;
8.286 1-propanol bland fermented, fusel fruity flavor 9000 ppb
. 1 ppm-cabbage vegetable; 0.1
8.391 methyl thioacetate ppm-popcorn-cereal taste; cheese
8.901 camphene Oily, weet camphoraceous odor 8.2-41 ppb
9.355 dimethyl disulfide Strong onion, cabbage-like odor 0.16-1.2 ppb
9631 hexanal Strong, penetrating, fatty-green, A5 ppb

grassy unripe fruit odor
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Breathtaking, sweet,

10.798 1sobutyl alcohol sweaty—-chemical; fermented, 7000 ppb
whiskey-like in dilution

11.312 ethylbenzene

11.641 p—xylene

11.938 m-Xylene

12.331 allyl sulfide Sweet, pungent,m%grhc*horseradlsh 325 ppb
12.462 o-Xxylene

12.95 1-butanol Breathtaking, winey, fusel oil-like 500 ppb

3 o pungent, gassy, alliaceous—-wasabi;

13.568 1-penten-3-ol green vegetable, tomato taste 400 ppb
15.176 1.8-cineol Strong, camphorg(lig?eous, cool, fresh 12 ppb
. Breathtaking, alcoholic odor; in
15675 isoamyl alcohol dilution a winey-brandy taste 250 ppb

3 Sweet, gassy, ethereal, slightly
16.114 2-butenol fruity
Odor and taste reminiscent of
16.249 methyl propyl disulfide onion/garlic, radish & vegetative,
Alliaceous, Onion, Sweet
16.503 1,2-diacetylhydrazine
17.478 isobutenylcarbinol Sweet, fresh, green, herbal, fruity
B Alcoholic-breathtaking, fusel-like
17.684 1-pentanol odor with a burning taste 4000 ppb
18.104 methyl isothiocyanate Pungent, mustard, horseradish-like 12.6 ppm
18.209 methallyl cyanide
- . Powerful, sulfurous odor; cooked
18.543 methyl allyl disulfidel garlic-onion notes
. Creamy-buttery, yogurt-like odor
18.85 acetoin and fiavor 800 ppb
Fatty—fruity odor; sweet,

19.041 octanal citrus—-orange-fatty taste 0.7 ppb
19.637 vinyl amyl ketone powerful, harlsi}éerr:)ectlggllrhc mushroom 0.005 ppb
- o Ethereal, green, fruity odor with

20.803 cis—-2-pentenol citrus. comnotation
20.537 trans-2-hentenal Intense green, fatty, sweet, fresh 13 vob
) b fruity apple skin nuances at 4 ppm bp
20.702 ethyl methanesulfinate
21.542 5-cyano—1-pentene
Ethereal, rum-buttery odor;

21.688 ethyl lactate milk-like buttery taste on dilution 14000 ppb
99 999 1-hexanol Chemical, Wlne%d(s)lrlght fatty—fruity 9500 ppb
. . . Strong garlic-onion odor; savory,

22.895 dimethyl trisulfide roasted notes

B Fruity, fatty—cheese—herbal-coconut N
23.571 2-nonanone odor; fruity dairy-cheese taste 57200 ppb
23.607 cis—3-hexen-1-ol Strong, fresh, green, grassy odor 70 ppb
Fatty, green vegetable odor;
25.264 2-octenal fatty—green vegetable, melon, citrus 3 ppb
taste
28.046 acetic acid Pungent, sour, vinegar odor with 22000 ppb
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sour, acid taste
o4 . Fatty, green, citrus with an oil,
217.896 trans~2,4-heptadienal greasy note, somewhat cinnamon
Fresh, minty-cooling characteristic _
28.664 camphor camphor odor; bitter taste 1-1.29 ppm
29.088 unknownl
29.365 unknown4
B Orange-rose, waxy, sweet odor;
30.932 1-octanol Waxy, green, citrus taste 110 ppb
31.742 unknown?2
32.195 unknown3
32.319 2—dodecanone Fruity, citrus, floral odor
Weak, slightly caramellic, nutty,
33.05 butyrolactone buttery odor
N . Sulfurous, allium-like, savory on
36.735 2-methylthiolane dilution

* RT: Retention time

* QOdor description: Flavor-base 2010 Professional, Leffingwell & Associates

* Aroma threshold value: odor threshold in water




E 20 PUEE A4 R 4w
H 718 A2 FERE 30CAA Tad FHEE
gz 0¥ 34 74 gz 0¢ 3¢ 74
Acids
Acetic acid 0.0001 0.0067 0.3997 0.4697 0.0007 0.0574 0.4519 0.4860
Acetals
2,2-Diethoxy—propane - 0.0038 - - - - - -
Alcohols
1-Butanol 0.0003 0.0369 0.0088 0.0077 0.0002 0.0580 0.0116 0.0094
Isoamyl alcohol 0.0008 0.0029 0.0009 0.0012 0.0013 0.0051 0.0010 0.0012
2-Butenol 0.0001 0.0003 0.0001 0.0001 0.0003 0.0007 0.0001 0.0001
1-Penten—3-ol 0.0015 0.0017 0.0011 0.0009 0.0023 0.0051 0.0022 0.0019
Ethanol 0.0892 0.1859 0.0821 0.1018 0.1145 0.3395 0.0982 0.1192
Isobutyl alcohol - 0.0012 0.0001 0.0005 0.0005 0.0029 0.0003 0.0004
1-Hexanol 0.0003 0.0010 0.0008 0.0009 0.0011 0.0055 0.0017 0.0020
cis-3-Hexen-1-o0l - 0.0003 - - - 0.0005 - 0.0004
Menthanethiol 0.0013 0.0044 0.0013 0.0005 0.0031 0.0139 0.0005 0.0005
Isobutenylcarbinol - - 0.0001 - - - - -
1-Pentanol 0.0003 0.0006 0.0003 0.0003 0.0009 0.0030 0.0008 0.0007
cis—2-Pentenol 1 0.0001 0.0001 - - 0.0002 0.0004 - -
cis—2-pentenol 2 - - - - 0.0003 0.0007 0.0003 -
1-Propanethiol 0.0007 0.0011 0.0027 0.0024 - - - -
1-Propanol 0.0003 0.0010 - - 0.0009 0.0037 - -
1-Octanol - - 0.0001 0.0001 - 0.0002 0.0001 0.0001
Aldehydes
Acetaldehyde 0.0045 - - - - - - -
Butanal - - - 0.0003 - - 0.0004 -




7

2-Butenal 0.0018 - - - - - 0.0009 0.0010
trans—2,4-Heptadienal - - 0.0001 0.0001 - - 0.0002 0.0001
trans-2-Heptenal - - 0.0001 0.0002 - - 0.0003 0.0003
Hexanal 1 - - 0.0017 0.0010 - - 0.3019 0.0022
Hexanal 2 - - 0.0001 - - - 0.0001 -
Isobutenal - - - 0.0010 - - - -
Isobutyraldehyde 0.0028 - - - - - - -
2-Methylbutyraldehyde 0.0006 - - - - - - -
Pentanal - - 0.0008 0.0008 - - 0.0010 0.0012
Octanal - - - 0.0001 - - - -
2-Octenal - - 0.0001 0.0001 - - - -
Benzene&Benzene
derivatives
Toluene - 0.0009 0.0009 - 0.0005 0.0019 - -
Ethylbenzene 0.0013 0.0006 0.0008 0.0005 0.0008 0.0026 0.0008 0.0009
p—Xylene 1 0.0016 0.0006 0.0010 0.0007 0.0011 0.0041 0.0011 0.0011
m-Xylene 1 0.0076 0.0037 0.0043 0.0025 0.0055 0.0190 0.0050 0.0044
o—Xylene - - 0.0007 0.0002 0.0010 0.0030 0.0010 0.0008
p—Xylene 2 0.0073 0.0034 0.0046 0.0025 0.0053 0.0216 0.0051 0.0049
m-Xylene 2 0.0035 0.0012 0.0017 0.0007 0.0027 0.0127 0.0021 -
Carbonyls
Acetoin 0.0007 - - - 0.0007 - - -
Diacetyl 0.0010 - - - 0.0012 - - -
1,2-Diacetylhydrazine 1 - - 0.0011 0.0036 - - 0.0017 0.0086
1,2-Diacetylhydrazine 2 - - 0.0009 0.0028 - - 0.0014 0.0074
Esters
Methyl acetate - 0.0063 0.0017 0.0028 0.0009 0.0054 0.0018 0.0031
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Ethyl acetate 0.0005 0.0374 0.0140 0.0332 0.0044 0.0173 0.0117 0.0414
Ethyl lactate - - - 0.0003 - - - 0.0003
Hydrocarbons
2-Dodecanone - - - - - - 0.0001 -
Hexane 0.1236 0.2723 0.0732 0.0722 0.1169 0.2061 0.0471 0.0413
2-Nonanone - - 0.00005 0.00005 - - 0.0005 -
Ketones
Acetone - - 0.0003 0.0002 0.0010 - 0.0004 -
Butyrolactone - - 0.0001 0.0001 - - 0.0001 0.0002
1-Penten-3-one - - 0.0004 0.0002 - - - -
Vinyl amyl ketone - - 0.0001 0.0001 - - 0.0001 0.0001
Sulfur-containing
compounds
Allyl methyl sulfide 0.0165 0.0054 0.0082 0.0071 0.0120 0.0149 0.0045 0.0120
Allyl sulfide - - 0.0001 0.0001 - - - -
Carbon disulfide 0.0025 0.0039 0.0017 0.0013 0.0043 0.0100 0.0014 0.0013
2,5-Dihydroxy-1,4-dithiane - - - - - - 0.0059 0.0059
Dimethyl disulfide 1 0.6254 0.3839 0.1893 0.2433 0.6649 0.0840 0.0001 0.1884
Dimethyl disulfide 2 0.0097 0.0010 0.0005 0.0004 0.0021 - 0.0009 -
Dimethyl sulfide 1 0.0021 0.0033 0.0017 0.0014 0.0093 0.0306 0.0016 0.0017
Dimethyl sulfide 2 0.0001 0.0002 0.0001 0.0001 0.0003 0.0008 0.0001 0.0001
Dimethyl trisulfide 1 0.0722 0.0081 0.0107 0.0101 0.0309 0.0007 0.0181 0.0208
Dimethyl trisulfide 2 - - - - 0.0002 0.0010 - -
Ethyl methanesulfinate - - 0.0001 0.0004 - - - 0.0001
Methyl allyl disulfide 1 0.0037 0.0008 0.0035 0.0034 0.0017 0.0002 0.0013 0.0039
Methyl allyl disulfide 2 0.0005 0.0002 0.0019 0.0013 0.0002 - 0.0005 0.0017
Methyl isothiocyanate 0.0007 0.0012 0.0001 0.0001 0.0003 0.0008 0.0001 -
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Methyl propyl disulfide 0.0002 - 0.0001 0.0001 0.0001 - 0.0001 0.0001
Methyl thioacetate - - 0.0090 0.0132 - - 0.0065 0.0163
2-Methylthiolane 0.0001 - 0.0001 0.0001 - - - 0.0001

Terpenes&Terpenoids

Camphene 0.0015 0.0003 0.0003 - 0.0005 0.0004 - -
Camphor 0.0001 0.0001 0.0001 - 0.0001 - - -
1,8-Cineol 0.0010 0.0009 0.0003 0.0002 0.0006 0.0014 0.0003 0.0001
(-)-a-Pinene 0.0002 - - - 0.0001 - - -
Miscellaneous
Oxetane - - 0.0006 0.0006 - - 0.0013 0.0007
Dichloromethane 0.0107 0.0134 0.1608 0.0012 0.0033 0.0168 0.0016 0.0006
Chloroform 0.0001 0.0003 - - 0.0002 0.0458 - -
Methallyl cyanide - - 0.0001 0.0002 - - 0.0002 0.0003
5-Cyano-1-pentene - - 0.0011 0.0002 - - 0.0011 0.0002
Unknown 1 0.0005 0.0008 0.0009 0.0006 0.0003 0.0015 0.0007 0.0037
Unknown 2 0.0002 - 0.0001 0.00003 - - - 0.0002
Unknown 3 - - 0.00003 0.0002 - - - 0.0003
Unknown 4 0.0001 0.0010 0.0014 0.0017 - - - -

« Aekzk ZF A5 peak area/total peak area
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A sFE, 71 Al

stk
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=
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¥ 30. AT AEe A% EA A (FAAME 2GR
A & FE A AL AU E
100% £ 7%
q 1
BAS, 1% 154122 180mL

o 5 (2 5050, (54

475%, E 714
47.5%) A7 s A ®4%, 71
s (HE051%)

=

A&
Oaﬂ‘%’ﬂlOkcal, ek §]r€24g(7%)
il 20(4%), A0, S 2HE0 ,
U E H60mg(3%), 2% 82mg(12(7)

A, BV % o] AE (Eih g
2100%, 1152 4F), A A (34D,
uJebuIC, Ak

%3 2000ml,

13 A & =F 200ml

1 AFTHF 715(F 53 AF

=k 32kcal, &43E 7g(2‘7 2l o] Al -
3g(12%), o 5 4g, DPHM 15

g(3%), A4 a O4g(1%) 3R 1,

EW} A HJO,%’—EﬂéEﬂ%O,L}E%
190mg(10%)

67, FHA Q) (-8, Al o] 91 Ab
S 3hAl), B 2 ]
:aﬂw-ﬂﬁﬁﬁwwuﬂw%%

0. 040/( Y E4%017),

131 A& =% 180ml,

o Z95kca ,Lfﬂa20g<6/)

11g, ol 2 0 (096), 4] HH. 3g(9/>

1.3g(9%),

E%L 21 9H0g, & Ul 2~ H =0mg(0%), Y E&
)

1, oLl e R 6%,
o] 2~ 506( €] 7 A1)

3530 (2%, 73 2
S35, spsae &
0.01% 2kT)

a1

O/))

rl

%% :300ml , 13 A &F
200ml(Z23] A &%)

= 70kcal, B85 120(4%), 2 o)Al
1g(4%), B710g, WA 25(4%),

A HH. 9g(4°/ F 3R] -

1.2g(8%), Eadz:wo ZY2HE

5mg(2%), UrE 30mg(2%), R EFRIC
llmg(ll‘y), Z561mg
(9%)

1¥ 100ml, 13] A & 3F 100ml

o 2 40kcal, ‘f/l st&E 11g(3‘7) A o]
25g(10%>) o‘lT Qg, wrulz Og(OV)

A ¥00%), 3E3FA] W, EE”’“X]H‘O
%EﬂiEﬂ%O, U E F20mg(1%)
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AT, BEvtE F2 w54,
FLFEE, AYYFEE, 13 AFF 17, 134 F F160ml
T FEE, dEHFEE, A 30kcal, B3tE 7. A o]
FHFEFEE, BYo|FEE, 1g(4%), A0, E8A W0, Ze =82 0,
NFAFEE, vEIC, UHEF 290mg (12%)
AAAdH g, AAd, ALt
V&(
A, WA
Zolg e & (H o] ), 14 100ml, 13 A& % 100ml
g, HERIC, BT o 7 Hbkeal, B sHE 15g(5%), 2] o]/
T AgT (E2 97 4g(16%), FF10g, &M 2d0g, = H0g,
HAF2 =3 A% FEsHA 0, EWNAL0, Fel 2~E =0,
p THAMIEF, ] JEF 10mg(1%), v EFYIC300mg(300%)
EOEREEE g‘fj‘i‘g?;ﬂi—‘i%(%ml%ﬁxﬂ),
(Fopajep) | FHE TEASE
A%, AL e 79( AT —
Ay ’ 13 A1 &% 130ml
3} 3= (o) 1
Ao APPSR, arTokcal, € ok 18g(5%, B 139),
Eolu) s e 2 (2] 0] 45 T dog, A1W0g, E3H41180,
sgEeyuy, E =2 0mg,
— = ’ = A~H E E = 9
o EFAA GG AR Ay | f]' o j?{é%“ffgg](%) ’
JEF dazea 2A T g | | Tes 070, =
mud A | A wiea) Az 100mg (100%)
(€] I ERR A E A 2 = (AL )
oy %%(%&)50%, %% . 300m1, lil Xﬂ—é“% 200ml 7]?':

ALrefe] o] A E (Q1 =Y A

(rebe), AR

=
)
"o
K
o

(F 23] A & 3F)

g =F 180kcal, &F5-3t= 20g(6%)
21 0] X 70.7¢(3%), B 5 19g, T
W2 9g(16%), A W7g(14%),3E 3}
R 9 4.4g(44%), EWN A H), =
A2 E 20mg(10%), YEE90
mg(5%), Z-4250mg(35%)

13 A F 170, 13| AFF 238ml
g  85kcal, EF3tE 21g(6%),

Hol 4% 18g(1%), FH17g, @9 H0g,

0 ul A E} MR- A 7} 2= = ol
Wadc B ey, T Ag0, Esare, Ea s
}‘]Eai\i—%‘%%?—l’, :é—"/l\_xﬂxﬂ’ %E]]./:.Eﬂ%(), L}‘E‘E‘lomg(l%)
A G, A7 22 o] A
o (Al ol AL o] AF ] A
SOOI 0T A gz e 1a075m)
AR, e LIRS
H]EGO]:) H]E]—"—']C ’ ’ %%501(031, Ei—rﬂglf)gﬂ%), %%‘ 9g,
ngﬂo‘g L*ﬂ'é‘%‘%ﬂ O}iﬂ%(fﬂ]‘é% /—;]C_)]/I\j% 6g(24%), ﬂ']ﬂig Og, Z] HJOg,
— alu ke ahal 7kl ) E A 0g(0%), EH =AY 0g,
PrstolnlFel s | 50 b g Z =8 20mg(0%), HEF 45mg(2%)
(BRALIED | wepnBee) el 52 4t e)
7l DA 80% (=4, 714", 13] A& % 150mlF
fFr71E 7 tho] 2~ 5% (7] E7180% & #F135keal, BF3tE 20g(6%,
EEA %7]*3‘%),%7]‘%71_%311 2l o] fr1.1g(4%), F718g, Tl ddg
5% (=20, B Al 7] EFEA & (7%),% "4.6g(9%),3E 8} A ¥3.4g(23%),
F, 5 7] ok 7HH] 4 o) A F 196, FAFTE(S. | Zel 2H 2 15mg(5%),

thermophilus, L.bulgaricus

U E F75mg(4%), 2+ 125mg(18%)




(i & f+$1) 19} °]/d/ml)

AA G, BAFIG

st e d 2 E (4 o] 4 585%

o] 4,2%),

ol rSHasE _

3 5 13] AF% 180g%

g a5, o 15 eal, O 13a(4%, S %

%ﬂ?ﬂ]21]1(7}3}7]1&935}‘;%%)7@& 0.18¢ ﬁi}.xl 51%0) E,B‘H)\Z] HLd

: e A R g | Lof Ul as S e

A 7L. EIESE| fi?iufﬁgg fg%@’fq H| EFRIB2 0.’21mg(15%), 1] eb71B6
o ==t S0 e i . , [} o] o} Al o
Full(%d) & 0.45mg(30%), Lol o} A 45mg(30%)

=
A (oA B L F FaAER
YA Aolu =
YIB6Y A,
WB2¢1 Ak AH 2UES

’

13 A &% 190mlF

o % 155kcal, ¥©3E 23g(7%,

21 0] 75g(30%), F5F 13g), &2
6g(10%), A1 6g(12%, FE3}A] 4
12g(8%)), Z2d=HE 0, UEF

A s e teuker) o,

d\_'\_ﬁ", g_‘—,qxﬂ% ’ 180mg(9%)

Abol 28 2 Abeb A eh Ak A

G (AT ¥

|7 E5FE (P E65%0] | 13 AFF 238mlT

& #F105kcal, gr3t= 26g(8%), &+

16.4%, WAAe #& AFFF A, 26g, @ H0, AP0, E3HA 0,

HIC, a4 g 2~Hn o}, EdxX80, FH2HE 0, YEF

HAFEE D, S40A4A 30mg(2%)

T 3L AE o5 B4 B4

A& FE(%) Brix pH IgA4F T=(%)
n) o &2 sho]up(F o o) 88.68 12.0 3.16 7.50
nlof| & sholup mF oA of 85.08 154 3.25 8.38
V8 94.77 5.4 4.39 3.78
oF A 5% 88.11 12.2 4.15 3.78
Aol FH o E 79.88 21.2 7.04 3.96
2 -9 Ful 92.92 8.0 3.8 4.85
b ak-&% 87.88 12.2 6.53 431
vt =4 7 89.30 11.0 7.95 0.11
w9 E A g 79.35 21.0 3.45 3.99
= v A3 90.95 9.0 6.70 0.14
JFstolHFe ~ 92.04 9.0 3.0 7.64
T}~ B 2 A 81.15 20.5 6.65 1.83
My gt Yd ST 2E 80.82 155 397 355




Matrix Plot of 8MPIEJ|IS 5 yvs A&, SF)|S, SIS, ...

0 5 10 0 5 10 0 4 i} 2 4 8
1 1 1 1 1 1 L 1
8 e L] o » e e e o . o e e .o
? o L2 1] SOS00 209 0 L1l I X 1] L ] S0 @ o009 Ll
6 S0 SHSLVOE (SESESE ¢ RV S LSS P ST SRS
H 5+ ecssse e e oo cesens
ot o
E‘r 4 - ssssss s ses sjososnses sene o
&3]
=l
34 essoee |(sconcse (esee ooe oS e0e |sene @
2 eee sees Seo ceens @ (ses esss see o ses »
14 = - - L - - - . -
0_
T T T T T T T
0 5 10 0 4 1 0 4 8 4] 5 10 0 4

g
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A em 5% AR WA HAEES SPME &5 o439 GC-MS=Z 43
Ay o3 22 F 507FA9 Iy AdEECl sA4EAT isovaleraldehyde,
trans—calamene, acetoin, alloaromadendren, ar—curcumene, a-cedrene, (-)-a
-pinene, isobutyraldehyde, isopropenylethyl alcohol, dimethyl disulfide, 1,8-cineole,
acetic acid, 1-decanol, dl-limonene, 1-butanol, cis—carne, R(+)-limonene, diacetyl,
1-propanol, isopentyl alcohol, isobutyl alcohol, isobutyl butanoate, camphene,
methyl heptanone, propyl acetate, cymene, unknown 1, isoborneol, ethyl acetate,
camphor, Yy-terpinene, benzeneethanol, 1-octanol, hexyl acetate, butyl acetate,
1-hexanol, isoamyl acetate, isobutyl acetate, ethyl butyrate, ethyl
2-methylbutyrate, (-)-B-pinene, unknown 2, delta-3-carene, toluene, ocimene,
unknown 3. AZ=e FAF5S} ALED FIASEE A, ZAFAYT AR
oAl 377EA1 Y] 3R] AREe] s AL, acidf (1), alcoholdF (9), aldehyde
7 (2), benzene¥ (2), carbonyliF (2), esteri+ (2), sulfur-containing compound
(1), terpenes (14), 71E} 57 4 Fo| sHHAT. 228 2 S5 A= 38714
o] g AEEC] TN, nEEY FAFRE AT AlRAM = 367HA
o] A AREo] EAEgon FEZOZ acidF (1), alcoholTF (6), aldehyde¥
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E 45 @H SR AMY PR
Aroma
(1131;1;1) Compounds Odor Descriptions E,}ghelséh(()ilg
water)
Pungent, cocoa, green fruity odor;
4.08 Isovaleraldehyde cheesy-sweaty—cocoa fruity in 0.2-2 ppb
dilution
35.66 trans—Calamenene herb, spice
. Creamy -buttery, yogurt-like odor
17.88 Acetoin and fiavor 800 ppb
3391 Alloaromadendren wood
34.68 ar—Curcumene Herb
3378 a—Cedrene Sweet dry tea %ezgélrliar fatty woody
6.29 (-)-a-Pinene Resinous, pine odor; turpentine taste 6 ppb
2915 Isobutyraldehyde Pungent, malt, green sharp, pungent | g 443 ppj,
16.24 Isopropenylethyl alcohol Sweet, fresh, green, herbal, fruity
7.876 Dimethyl disulfide Strong onion, cabbage-like odor 0.06 ppb
13.65 1.8-Cineole Strong, camphor(())gg(;eous, cool, fresh 12 ppb
. . Pungent, sour, vinegar odor with
27.18 Acetic acid sour, acid taste 22,000 ppb
B Sweet, fatty oily, waxy, floral notes; 3
34.52 1-Decanol fatty, orange-like taste 6-47 ppb
g Hydrocarbon citrus—terpentine note; B
13.01 dl-Limonene often harsh 4-229 ppb
11.15 1-butanol Breathtaking, winey, fusel oil-like 500 pphb
30.56 cis—Carane
o Fresh, sweet, hydrocarbon and
33.41 R(+)-Limonene orange citrus odor 10 ppb
- Strong, buttery odor and taste on
5.22 Diacetyl dilution 2.3 ppb
B Alcoholic, fermented sweet odor;
6.95 1=Propanol bland fermented, fusel fruity flavor 9,000 ppb
Breathtaking, alcoholic odor; in
14.18 Isopentyl alcohol dilution a winey-brandy taste 250 ppb
Breathtaking, sweet,
9.06 Isobutyl alcohol sweaty—chemical;, fermented, 7,000 ppb
whiskey-like in dilution
Sweet—fruity, reminiscent of pear,
11.36 Isobutyl butanoate pineapple, banana rummy odor/flavor n/a
7.55 Camphene Oily, weet camphoraceous odor 8.2-41 ppb
Methyl heptenone Oily-green, herbaceous odor; green
20.95 (6-methyl-5-hepten—-2-one) fruity taste 50 ppb
519 Propyl acetate Fruity, ethereal, fusel, estry, pear 2.7-11 ppm

like odor and taste
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Strong, characteristic, terpene odor; _
16.89 Cymene citrusy 6-150 ppb
5.59 Unknown 1
Camphoraceous, somewhat 3
33.55 Isoborneol pine-needle like aroma and taste 2.5-16 ppb
365 Ethyl acetate Ethereal, Sharp(,)d\g;ne—brandy like 5 ppb
Fresh, minty—cooling characteristic B
29.07 Camphor camphor odor; bitter taste 1-1.29 ppm
Refreshing herbaceous-—citrus like
terpene  odor&flavor;; characteristic
31.52 y—terpinene lemon odor, slightly bitter, n/a
harbaceous, citrus-like flavor;
woody, terpene, tropical lemon odor
36.78 Benzeneethanol Floral, rose-like odor; floral taste 750-1100 ppb
3 Orange-rose, waxy, sweet odor;
30.61 1-Octanol waxy, green, citrus taste 110 ppb
17.38 Hexvl acetate Sweet, fruity, pear—apple like odor; 92 vob
: Y green, banana, apple—pear like taste bb
Strong, sweet, fruity, banana, pear,
7.98 Butyl acetate pineapple notes 66 ppb
99 38 1-Hexanol Chemical, Wmesgdglrlght fatty —fruity 2,500 ppb
Sweet, fruity, banana, pear
9.74 Isoamyl acetate odor&taste 2 ppb
6.11 Isobutyl acetate Fruity, bananafﬁgfelgfpear*pmeap ple 66 ppb
Ethereal, fruity odor;
6.80 Ethyl butyrate buttery-pineapple-banana, ripe 1 ppb
fruit&juicy notes
B Strong, green, fruity, apple odor and B
7.31 Ethyl 2-methylbutyrate taste: also some strawberry notes 0.1-0.3 ppb
N Qs Dry, woody, pine like, resinous odor;
11.47 (=)-B-pinene turpentine like taste 140 ppb
29.45 Unknown 2
30.32 Delta-3-carene Fresh, sweet, coniferous terpentine n/a
. like notes
6.81 Toluene Paint
A Reminding of a licorice, anise,
16.05 B~Ocimene citrus, lime combination
31.73 Unknown 3

* RT: Retention time
* QOdor description: Flavor-base 2010 Professional, Leffingwell & Associates;
Flavornet; Fenaroli’s Handbook of Flavor Ingredients

* Aroma threshold value: odor threshold in water

* In order of PLS-DA based VIP value of 33 & sample
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Lo LH LP Hi HH
Acids
Acetic acid 1.8992+0.1075 1.3800+0.2268 1.5159+0.0657 1.5426+0.1278 1.1687+0.0670
Alcohols
Benzeneethanol 0.0049+0.0024 0.0032+0.0018 0.0031+0.0011 0.0011+0.0004 -
1-Butanol 0.0073+0.0005 0.0068+0.0004 0.0058+0.0016 0.0903+0.0.0029 0.1271+0.0055
1-Decanol 0.0039+0.0003 0.0040+0.0005 0.0038+0.0005 0.0021+0.0003 0.0008+0.0002
1-Hexanol 0.0143+0.0007 0.0142+0.0003 0.0133+0.0010 0.8486+0.0141 0.7794+0.0175
Isobutyl alcohol 0.3176+0.0252 0.1639+0.0559 0.2202+0.0848 0.0260+0.0057 0.0108+0.0012
Isopentyl alcohol 1.2376+0.2467 0.7502+0.2980 0.7551+0.3082 0.4323+0.0223 0.0952+0.0036
Isopropenylethyl
Alcohol 0.0074+0.0005 0.0066+0.0007 0.0069+0.0003 0.0118+0.0004 0.0078+0.0005
1-Propanol 0.0271+0.0009 0.0128+0.0057 0.0200+0.0089 - -
1-Octanol 0.0941+0.0038 0.0912+0.0023 0.0889+0.0049 - -
Aldehydes
Isobutyraldehyde 0.1199+0.0233 0.2360+0.0263 0.2018+0.0585 0.0752+0.0071 0.0704+0.0065
Isovaleraldehyde 0.0225+0.0048 0.1898+0.0405 0.0761+0.0174 0.0126+0.0045 0.0301+0.0020
Benzene&Benzene
derivatives
Cymene 0.0114+0.0014 0.0085+0.0016 0.0088+0.0018 0.0032+0.0005 0.0035£0.0002
Toluene 0.0420+0.0040 0.0395+0.0092 0.0355+0.0134 - -
Cabonyls
Acetoin 0.4573+0.0715 0.4868+0.0246 0.5081+0.0237 0.5803+0.0184 0.4693+0.0071
Diacetyl 0.1374+0.0045 0.1886+0.0392 0.1685+0.0263 0.0487+0.0045 0.2563+0.3239
Methyl heptenone - - - 0.0057+0.0008 0.0037+0.0003
Esters
Butyl acetate - - - 9.4194+0.3001 8.0088+0.1562
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Ethyl acetate 0.5611+0.0405 0.2726+0.0139 0.2848+0.0240 4.0209+0.2084 3.2511+0.0705
Ethyl butyrate 0.0203+0.0043 0.0119+0.0011 0.0164+0.0028 2.3718+0.0917 2.0730+0.0406
Ethyl
- - - 3.4879+0.1403 3.1243+0.0748
2-methylbutyrate
Hexyl acetatel - - - 1.4801+0.1103 1.2568+0.0154
Hexyl acetate2 - - - 1.4662+0.0893 1.3622+0.0353
Isoamyl acetatel - - - 3.0890+0.0531 2.6380+0.0396
Isoamyl acetate?2 - - - 0.64070.0473 0.5549+0.0403
Isobutyl butanoatel - - - 0.4629+0.0390 0.5618+0.0335
Isobutyl butanoate? - - - 0.2944+0.0518 0.3159+0.0201
Isobutyl acetate - - - 0.8631+0.0529 0.7433+0.0206
Propyl acetate - - - 0.0777+0.0040 0.1696+0.1810
Hydrocarbons
cis—Carane - - - 0.1373+0.0149 0.0715+0.0174
Sulfur-containing
compounds
Dimethyl disulfide 0.0076+0.0017 0.0196+0.0031 0.0087+0.0014 - -
Terpenes&Terpenoid
S
Alloaromadendrene 0.0059+0.0004 0.0028+0.0003 0.0023+0.0006 0.0078+0.0016 0.0014+0.0009
(-)-a-Pinene 0.0406+0.0120 0.0080+0.0007 0.0100+0.0010 - -
(-)-B-Pinene 0.0290+0.0013 0.0222+0.0009 0.0251+0.0014 - -
Camphene 0.0313+0.0036 0.0184+0.0015 0.0221+0.0013 - -
Camphor 0.0755+0.0038 0.0543+0.0014 0.0629+0.0007 0.0036+0.0001 0.0031+0.0003
ar—Curcumene 0.0114+0.0003 0.0042+0.0014 0.0037+0.0011 0.0124+0.0015 0.0017+0.0006
trans—Calamenene - - - 0.0018+0.0004 -
a-Cedrene 0.0082+0.0008 0.0027+0.0005 0.0028+0.0017 0.0101+0.0029 0.0016+0.0001
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dl-Limonene 0.1630+0.0443 0.0678+0.0020 0.0708+0.0071 - -
R(+)-Limonen 0.0126+0.0003 0.0164+0.0006 0.0133+0.0010 0.0026+0.0001 0.0026+0.0002
1,8-Cineole 0.4479+0.0292 0.2793+0.0187 0.3146+0.0082 0.2958+0.0183 0.1995+0.0065
Delta-3-carene 0.2250+0.0129 0.1947+0.0271 0.2248+0.0159 0.0023+0.0002 0.0025+0.0004
Isoborneol 0.0379+0.0007 0.0309+0.0013 0.0369+0.0017 0.0243+0.0008 0.0219+0.0014
y—Terpinene 0.0072+0.0004 0.0070+0.0008 0.0073+0.0008 - -
Ocimene 0.0050+0.0004 0.0042+0.0004 0.0051+0.0009 - -
Miscellaneous
Unknown 1 0.0891+0.0073 0.0825+0.0149 0.0980+0.0150 0.0493+0.0047 0.0585+0.0058
Unknown 2 0.0095+0.0011 0.0080+0.0005 0.0083+0.0002 0.0060+0.0007 0.0052+0.0004
Unknown 3 0.0058+0.0003 0.0048+0.0002 0.0051+0.0002 - -

x AeFgk (ZF A& peak area/F =4

9] peak area)®] ¥t + Standard deviation
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o gHFEA EAS ol &3 FAEE Ao B
A S8 5F AR A AT x | 98l =g A A4S HAAEA T PCA
A3, PC 132 PC 29 <] 3f 22l A PC 13 PC 29 +%4
719182 86.71% R, 242t 72.86%, 13.85%<2 HAF 7194E&S 7Y (29 49 (a). o] o,
PCA Aol X AZ=Ee Axe nZ=2Ze AE7F Fio] L8 s &<lstal PLS-DA #4243
A (b), 53 AZ=ZRE A gs I3 1Z2Y A FE IFo] PLS 1§ 7oz 4
HE 2 4 A}t PLS-DA 7]4F VIP valueE 09 o]4o 2 A A3 loading plot 23, PLS 1
o] ko] WreF Hglo] 7]ojd EAHS  isobutyraldehyde, isovaleraldehyde, diacetyl, (-)-a
—pinene, dimethyl disulfide, dl-limonene, 1,8-cineole, acetic acid, R(+)-limonene, 1-decanol®]
Ao, 2o wekog 7jojd E#-2 1-butanol, isopropenylethyl alcohol, acetoin, cis—carane, a
—cedrene, alloaromadendren, ar—-curcumene, trans—calamenene®| 1ttt (729 49 (c¢)).

A7z Alags nZb2d 288 Algd H&| aldehyde¥, acidf, sulfur-containing A+ %
o] dtgko] =tom o]lEo] 93] £ U pungentdtil green, pine-like, citrus, orange-like %
sweetd FS YEE 5 vk nZ=EY s AR 2S5 BlE] alcoholi,
carbonyli 2] &S ¢ Wgrom o]o] we}l & U winey, herbal, fatty, woody3t & 54 %
I AAE ST

(a)

t[2]

RIA[L] = 0.726387 RR[2] = 013861 fl1ipse: fotelling 12 (0.%)

(b)

2]

1 ! 1
i

RIX[1] = 0.72838€ R2E[2] = 0.1364%4 ElLipse: Hotelling 12 (0.93)
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(c)

DRINK simca M2 (PLS-DA)
p[Comp. 1]

0z

o

-0.1
-0.2

!

K
b 3
g
i

pl1]

]
H
g

o
-+
-+

|scbutyraldelyde
|sovaleraldetwyde
Diacatyl
alpha-pinena, (-)-
Dimethyl disufide
1-butanol
dl-limanane

1 B-cineole
Acetain

Acetic acid
cis-Carana
R(+)-Limonen
AMpha-cedrene
Allcarom adendran
1 -decanal
ar-Curcumene
trans-Calamenene

Isoprapenylethyl alcohol I

cyolotrisiloxans, hexamethyl

Var D (Primary)

el et R B SIMCA-P+ 11 - 2094-07-14 2 2:25:52

19 49, -4 5%9] 3|urA FulAHE PCA 7]4F score plot (a), PLS-DA 7|5}t score plot

oo
i

(b), PLS-DA 7]%} loading plot (VIP>0.9) (c)
aZ2e A SR AR IAFEE AL A5 #olE H7] f3] PLS-DAE
AAE A3 PLS 1 (7017%)E 7|02 ko] o] nzZzg 288 Alg7t So Wik

e nzze FALRE ALY AET AAdL e B
PLS-DA 7]¥F VIP value 09 o]do=z HFo2el Zol7F 3
isovaleraldehyde, unknownl, isobutyl acetate, ethyl butyrate, ethyl 2-methylbutyrate, butyl

acetate, isobutyl alcohol, isoamyl acetatel & 2, 1-butanol, isobutyl butanoatel, 1,8-cineole,

AR (" 50). o]
EZEL ethyl acetate,

1sopentyl alcohol, isopropenylethyl alcohol, hexyl acetate 1 & 2, acetoin, methyl heptanone,
1-hexanol, acetic acid, camphor, cis—carane, isoborneol, a-cedrene, alloaromadendren,

1-decanol, ar-curcumene, trans—calamenene, benzeneethanol® ¥ 2-2-3.33} 7Skt

Terpenef+= A EAA 7|Hdt= AHEo)lar o8 F7F9 essential oilolA ZAFC
(Reineccius, 2006). Glycolysis ©]%, mevalonate pathway®} MEP/DOXP pathwaysS A *
terpene®] LF<2  terpenoidi7F  AAHTY  (Kanehisa Loboratories, 2010). Terpene
hydrocarbonsi }.-& flavoring constituents®] &4 uj7fAv} &¥kA] dS 37| %= ShAIRE, 1
AA2E EA 29 freshnesset #HHo] 7|%= gt} (Reineccius, 2006). Reineccius (2006)
of 9]&tH citrus flavored &5 oA terpened+ acid catalyzedol] o3t = o] ARo=w
v 71 &= 3t} acetic acid 59 acids$t#o] =& 1z =28 I3 d AlH5A terpenei’t <&
slo] gafo] FoJEUS 7HeAol AlVIEY FloraldFS AW benzeneethanol¥}t herbd2& 713

trans—calamenene< I1Z 27 A ST A B AT FA = AT}

Esteri+ yeast 59 wAEo] 93 &4 enzymatic ¥H$o2 F2 AAHET (Reineccius,
2006). A thALE o8] FH9| alcohols®} acids?t ol ~2H 23}ale] vtk FH9 esterE
Et} (Reineccius, 2006). @387t & nZ2g A BNA thA|H o7 esterio sFzko] 743}
Aded, #Fe-A2 esterie B Yol Ay A £4FHAS Aozt F=A3T (Fan and
Quin, 2006). =3t x| 93] o529 7trEd] gL FXH F oS o= Atg

5

)
Sweet—fruity 3t 2 A4 isobutyl butanoate?] o] oje]& oz F7}5Sal, Ana 5 (2007)
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o] T-A esteri= B4 B AR Q| FUHRGE A Adker dA T

e

1-Butanol& €x8] AlgelA fFoH o=z F715t =], ©]+= 1-butanol¥} acetic acidoll 23|

o ~H| Z3}ol 23] butyl acetate’} A4 H A 9F butyl acetater= G A|ZA FoHor

7astel o zH 28l Buke o FolA A g

Aoz ARHT

RiA[C] = CLms RIA(Y) = 0,126

Eilipse: Rotelling 2 (0.99)

a1 50, nZEE A S5 AEZHe] 3w drAdE PLS-DA 7]%E score plot
¥ 47 1742 AR Al53re 3k Su|Ad R ek
BRI EEEEEERE
Alcohols
Benzeneethanol 0.0011+0.0004a -
1-Butanol 0.0903+0.0.0029a 0.1271+0.0055b
1-Decanol 0.0021+0.0003a 0.0008+0.0002b
1-Hexanol 0.8486+0.0141a 0.7794+0.0175b
Isopentyl alcohol 0.4323+0.0223a 0.0952+0.0036b
Isopropenylethyl alcohol 0.0118+0.0004a 0.0078+0.0005b
Cabonyls
Acetoin 0.5803+0.0184a 0.4693+0.0071b
Methyl heptenone 0.0057+0.0008a 0.0037+0.0003b
Esters
Butyl acetate 9.4194+0.3001a 8.0088+0.1562b
Ethyl acetate 4.0209+0.2084a 3.2511+0.0705b
Ethyl butyrate 2.3718+0.0917a 2.0730+0.0406b
Ethyl 2-methylbutyrate 3.4879+0.1403a 3.1243+0.0748b
Hexyl acetatel 1.4801+0.1103a 1.2568+0.0154b
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Hexyl acetate2 1.4662+0.0893a 1.3622+0.0353b
Isoamyl acetatel 3.0890+0.0531a 2.6380+0.0396b
Isoamyl acetate? 0.64070.0473a 0.5549+0.0403b
Isobutyl butanoatel 0.4629+0.0390a 0.5618+0.0335b
Isobutyl acetate 0.8631+0.0529a 0.7433+0.0206b
Hydrocarbons
cis—Carane 0.1373+0.0149a 0.0715+0.0174b
Terpenes&Terpenoids
Alloaromadendrene 0.0078+0.0016a 0.0014+0.0009b
ar-Curcumene 0.0124+0.0015a 0.0017+0.0006b
trans—Calamenene 0.0018+0.0004a -
a—Cedrene 0.0101+0.0029a 0.0016+0.0001b
1,8-Cineole 0.2958+0.0183a 0.1995+0.0065h
Isoborneol 0.0243+0.0008a 0.0219+0.0014b

* p<0.05, Duncan’s multiple range test

Az dA g5 A8 zolE ®7] 98 PLS-DAE AAg ZA3, PLS 1 (55.19%)&

p=1
NFEoE Fo WPl ABEE BHEE A7 S0 BPelE AAIF AES ALY %
A AEs B (17 5. o 9, PLS-DA 718 VIP value® 09 o] 4o A

o
At loading plot A, AHZA=E Alx &g 7]od EZ-L alloaromadendren,
ar-curcumene, a-cedrene, (-)-a-pinene, 1,8-cineole, acetic acid, dl-limonene, 1-propanol,
isopentyl alcohol, isobutyl alcohol, camphene, isoborneol, ethyl acetate, camphor, (-)-8
-pinene, delta-3-carene, ocimene, unknown 3°] 1L, Gx g3t A8 ZugATES 3 A B9
= isovaleraldehyde, isobutyraldehyde, dimethyl disulfide, R(+)-limonene®] &#o] @okth of

AHew Azze FAFR ARAAN 4" 2250 /M £ e Hola, EX7}

[e)
H A5 A gEfo] MY A AHE AS B 5 Aoy, Adtd oz HorS w ZI9bA g
Sk Alg7F AZEY AR ¢ H$E=3 AS & = AY Woody S 7FF alloaromadendrene
o AR SR, AZREY IASREE EAYS AlE, 2AYAYS Al o8 shako]
7F Ao},

Isobutyraldehyde®} isovaleraldehydei= valine¥} leucine synthesis® &3] A%,
isobutanol¥} isoamyl alcohole Z}7} aldehydeZFE A Et} (Peterson, 2004). Aldehyde =

AZey FHFEE EHT ARAAAN 7HE ol =9kl alcoholf= 7HE WtHt

2
o

McGraw (1999)°] 23} limonene< ¥< 7S W oxidize® th. dl-limonene®] 7%,
g A g A o] b ol A WF R(+)-limonened AZ=2d AL TE g d A
A 7 geke] =kt

iR

Dimethyl disulfidex cystein®| Y+ methione®] <
(Carunchia, 2005; Bendall, 2011), ¥ dAFoA %= oA, AL =g
7V =9kt



fl

RiA[C] = Lot RIA(Y) = 0LL0¢tET E-Lipse: Botelling 72 (0.59)

S~
bl

a9 51 AZEY FASFE Al

7ke] gukAl skuj Al PLS-DA 7]4F score plot

ol

ol

348 AZ R

Ao Amrte] fwA R g

104

Az 2 2 | AZ=d 949 | AzZ=d 234A9
Acids
Acetic acid 1.8992+0.1075a | 1.3800£0.2268b |  15159+0.0657b
Alcohols
Isobutyl alcohol 0.3176+0.0252a 0.1639+0.0559b 0.2202+0.0848b
Isopentyl alcohol 1.2376+0.2467a 0.7502=0.2980b 0.7551+0.3082b
1-propanol 0.0271+0.0009a 0.0128+0.0057b 0.0200£0.0089ab
Aldehydes
Isobutyraldehyde 0.1199+0.0233a 0.2360+0.0263b 0.2018+0.0585b
Isovaleraldehyde 0.0225+0.0048a 0.1898+0.0405b 0.0761+0.0174c
Benzene&Benzene
derivatives
Cymene 0.0114+0.0014a | 0.0085+0.0016b | 0.0088+0.0018b
Esters
Ethyl acetate 0.5611+0.0405a | 0.2726+0.0139b |  0.2848+0.0240b
Sulfur—-containing
compounds
Dimethyl disulfide 0.0076+0.0017a | 0.0196+0.0031b | 0.0087+0.0014a
Terpenes&Terpenoids
Alloaromadendrene 0.0059+0.0004a 0.0028+0.0003b 0.0023+0.0006b
(-)-a-pinene 0.0406+0.0120a 0.0080+0.0007b 0.0100+0.0010b
(-)-B-pinene 0.0290+0.0013a 0.0222+0.0009¢ 0.0251+0.0014b
Camphene 0.0313£0.0036a 0.0184£0.0015¢ 0.0221+0.0013b
Camphor 0.0755+0.0038a 0.0543+0.0014c 0.0629+0.0007b
ar-Curcumene 0.0114+0.0003a 0.0042+0.0014b 0.0037+0.0011b
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a-cedrene 0.0082+0.0008a 0.0027+0.0005b 0.0028+0.0017b
dl-limonene 0.1630+0.0443a 0.0678+0.0020b 0.0708+0.0071b
R(+)-Limonen 0.0126+0.0003a 0.0164+0.0006b 0.0133+0.0010a
1,8-cineole 0.4479+0.0292a 0.2793+0.0187c 0.3146+0.0082b
Delta-3-carene 0.2250+0.0129a 0.1947+0.0271b 0.2248+0.0159a
Isoborneol 0.0379+0.0007a 0.0309+0.0013b 0.0369+0.0017a
Ocimene 0.0050+0.0004a 0.0042+0.0004b 0.0051+0.0009a
Miscellaneous
Unknown3 0.0058+0.0003a | 0.0048+0.0002¢ | 0.0051+0.0002b

* p<0.05, Duncan’s multiple range test

)
N
N

fetl

A
o
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O

Al

o

R

- A
g

iRt
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o MM

r%‘i

mﬁ

H7] 918 PLS-DAE %/\] E’Jr, PLS
SRE IAYF BT 29 BPIE A
% 9l9lek (19 52). o W, PLS-DA 7]
s

= =HEL2 isovaleraldehyde, dimethyl disulfide,

T ol o~

¢

VIP value 0.9 o]0 & F2]%42 =}o]
1,8-cineole, R(+)-limonene, camphene, isoborneol, camphor, (-)-B-pinene, delta-3-carene,

ocimene, unknown3=% 3 529} <kt

Citrus flavored &0l A] terpenef+ acid catalyzed EE4S F& 3to] o|FHE vy 7| %= 3}
i (Reineccius, 2006), €l o3 WA ¥ 7%= dth (McGraw, 1999). AZ=22 A SFEE 211
dAEg Aol thFEY terpeneie W WS FEFS HATh W pungentdtH A
cheesy—-sweaty—cocoa fruity3t 2] isovaleraldehyde, onion #Z< 32| dimethyl disulfide, I
2] 1. fresh, sweet, orange citrus &2 R(+)-limonenetx= AZ 2] WA S8E2 A3 A5

A Y =S dEs JERTh

RIA[L] = 0.3655%¢ RA(Y) = (LI Ellipse: Btelling 12 (0.9

a9 52 AZREY NSRS A AU AR Ay Frlds PLS-DA 7

1k score plot



in
u
_YE
rot

) = =
Aees 21

Aelel Ax @ Amrke] fuA Fn e

A=z 4

| AZ=28 21¢A

Aldehydes
Isovaleraldehyde 0.1898+0.0405a 0.0761+0.0174b
Sulfur-containing
compounds
Dimethyl disulfide 0.0196+0.0031a 0.0087+0.0014b
Terpenes&Terpenoid
S
(=)-B-pinene 0.0222+0.0009a 0.0251+0.0014b
Camphene 0.0184+0.0015a 0.0221+0.0013b
Camphor 0.0543+0.0014a 0.0629+0.0007b
R(+)-Limonen 0.0164+0.0006a 0.0133+0.0010b
1,8-cineole 0.2793+0.0187a 0.3146+0.0082b
Delta-3—-carene 0.1947+0.0271a 0.2248+0.0159b
Isoborneol 0.0309+0.0013a 0.0369+0.0017b
Ocimene 0.0042+0.0004a 0.0051+0.0009b
Miscellaneous
Unknown3 0.0048+0.0002a 0.0051+0.0002b

* p<0.05, Duncan’s multiple range test
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8. HFprototype FW AW A ZA}

7F AR A 2014, 07.09(57) 14:00~16:00

L} ZAPE © Gang Test / Sequential Monadic / Balance Presentation

th ARG HH S ofs H 2 st Add ATt e Axed 429

g AR HES AR s s@HAS8)2 18 £l 2714 B
Joll thk Anjxp whES AR WAEFE =Estaxt g

vh ZAR S d@r ket BEE 27 Bl g A S AEste] 4o
2 A4Y T 7 By FolHed 100mLA, »gzhzoﬂﬁ 2 Ao 7S AEE AT 5
f HAnLEE o] 4J0%EFYS FFE 3B1E AA S, 70% EFYS 7952 A AT
Fojde 7 aFo R v MEHoR A F AREAY AAES FePste)on
2 AFe mEgtdnrt gebd £ glernz OFHE WA Hies AEFS 2 1385
(3B1E AZel H=aF, 79HE Ao HeE 1F)

OY 54 7 AFEE AR AR sdste FEAY
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o) fATF A3 (EHEAH) 25 H7F (351A4%)
o] =
gee o AME g Ay JUth 333 o] BA F AEL 235 MEF o) =AZ Fihd FAL

- AHEY LEd & AEY FATSEE d9 Y 3 Y¢S O
FEFYH.
- Aol {7t FHEEA FEF ELE FH AR} WA F29
1/47E0 2 vEUy
- 4REE, 49 A @I A Fol A FFUH.
- AFTHNE(FAAR L, FHBER)S AE3A o A4 Y
40kcal/100mL

QL o] AEAEE ol nAL AP =ARAL  of AF G FRUe ARA BEEE oA R?
4 A8 B e E
1--——--- 2-——--—- 3-—--——- 4---——- B--————- 6---———- T-——--—- 8-——--—- 9

Q2. o HolA olAlFEo]l FOoH=A F2 FXFOH=A AFl] e oJHE AAF] HojFAL.

HHolfr. F2> A EUE ol A A

Q3. F4d 8 A el gl HAU7?

AR obol: Dol (W 34 oleh) 2HH S obE (W4TA) HEESE Ashd HrEsw nehd 5)F s o] 4
S5 ofol: Dol (W 34 o5 AT o}E (W477A) IEESE A HEESw wehd 5)F A o4
AR okol: Dol (2 34 o]3h) AT o}E (W47A) IEESE A HEESE wehd 5)F A o4
A ge ( )
Q. F3y o xw %, vAselE 2 zE5cta Ashd Al wAs)e] o] AW FAFLRELE AFELS ojmar
3 AZE A 2
FARE HEQ S X1
1--—---- 2-——--—- 3-----—- 4------ S 6-----—- O 8----——- 9

Q5. FHEZAN BA 7 o] AFEe] BtEHoA ojWAe] Heto] HAY AN F& A F2A FRHEA F
_O__

3 AU neste] FF94
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dr FAaT TAR(CHEAN) =8 B (7954 %)

1 &:
8 (AEa o) EAI B FAL

e

Tee of AE WE 4¥ duUn BRI 9o BA ¥ AEL 3

[@n # TEgE]

- dvE wEd & 4E4 fAFLEE A0 %9 JPe U=
Foreuh,

- AT, dge A8 AhA Fadoh

- Hold A7t FRatel FBF EE FUh

- AFPABRAAL, GARER)S AE3A gob AP

80kcal/100mL
QL o] AZAES g0l HAT A7 SHEHLS o] AF 3 Frye] Al BETE ojusHa?
4 %o wES) e 2o
1-—————- 2-—————- 3-—————- 4-—---- e e 7--————- e 9
Q2 ol AolA olAFel FoHEA Fe FAYOHEA AFol UE AAL A3 HolFala
FEof. ¢ 3 295 olf. A A

Q3. FHd 9 A el o€ {7

AA ofol: G Frob (% 34 olsh) 2)mFH et ofF (4774 3)xTn Ad Hrestal ushd 5T oY
=4 oFol: DG rob (W 34| ofsh) 2)uF St obE (W4ATTAH]) 3)FSstul Ashd HxFeu ashd 5)F A oY
AAy ofolr 1) rob (W 34 ofsh) 2)uF St ob& (WHAT7AH]) 3)xSstal Ashd HxFsu astd 5)F A oY

Q4 FPd 9 Ad F, nHselE 2L 258w A A4t vpaslel o] AR GAFEESE AFL ottt
3 AZhE AR

24 %o wES) 0 e

1-—————- 2-—---—- 3------- e Bmmmmm—- 6-----—- T-----—- 8-------

Q5. FRUAA wAel o] AFe] BHEWA oW o] neko] HAY FANYOW F& A peA FRUY F
B s selste] FHAL A Aol FAl L
Q6. FHHAA wA o] o] AFL o] AFelA BulHn Qi AF F oW AFY FAs A7 H A
_E_HE:]—E; X
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2zd 2o g9 | ewd | 229 5 59 TuA
b 10 | Fades 13
o] LS BE(ENYAAE) 5 LQFEE 4
23 2 H] o] o) 2~ 2
STFEE 2 o] Q. 2
npA = A2 1 Azt FEE 1
A= E M) SECLE! |
EErE 1| @8 s gx I
oFalol 72 | [za9 av=s I
g pyee 1
obx A4k 7
TEAREENEED 2
Ap 2} 2 2
A S = 1
ol g R (EAZ=AE) 1
Exeye 1
9] 1
AEEF 1
9. AlFe] olststa FiE 2 FFAEE A A
ARz HAEE A8e FAlFo ek o|3s), dFE A4S At AEd o3t
A AdE % 559 Za JAAAES A A @At aE 40%« 100gd 40kcal, &
el 70%= 100g9 72kcal = YERST dAWEEE 40%E o] Fof dFA R B Al
T SERT 92 22 40kcalZ W ZERZE UElRE oLy AR ZALA = 2R A
Jd FHHTE BHHQl SWol o 83 FEORE QAo nR A% FEst dAgA T2
g SHETE g SHE G Ageof & Aow ®in
ok 7 {7142 g8 Lactic acidel™, #2492 fructose, sucrose, maltose, glucose

= L
2 EAHAeY I A= & 58 I AUk

% 5. Bh olakt B4 2
Y= _ .
Glucose(%) pH (lactic acid) TR brix
kg 540% 6.46 3.73 0.23 90.01 11.8
Hul kg E70% 11.0 3.65 0.33 82.39 17.8
¥ 56, BRI g B 2y
A (%) FE(%) | I7(%) | 2EM(%) | YEEmMg) | Aol (g)
kg 540% 0.04 90.0 0 0.375 270mg 3.2g
Ar) g E70% 0.09 82.39 0 0.631 270mg 3.2¢g

+12
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- BE we BAHEADY, 4E
AAME 1000Et

: 92k 40keal,
E'J Og

Eb51E109(3%) 20|87
S AHEZE 0mg(0%), LIEE 270mg(14%)

3g(12%)- &=+

7g, THEAE 0g(0%), Xl

0g(0%) ==X (0%)-E& 2X| 2 0g,
Oorel Sl 19 eray|gxiol chet g
- ZAED =S BAAEAAY, AFe 2A7EC wE)
HAHE 10002 B
00gY &2 : ¥ 72kcal, EHEHE 170(5%) Aol4R 3g(12%)- 2+ 129, HME 19(2%), X

09(0%)-EAM AX|gt 0g, SE|AHE 0mg(0%),

LIEE 270mg(14%)

()orel =xl= 1Y G| 2xlof cist v g
3 57 7 Bl wolAk o (¢ mg/kg)
A E e Zre v B dHEE Zry 52 BHY ISR
Citric acid 0.00 0.00
Tartaric acid 0.00 0.00
Malic acid 0.00 0.00
Succinic acid 0.00 0.00
Lactic acid 2189.55 3219.13
Acetic acid 0.00 0.00
Levulinic acid 0.00 0.00
Pyroglutamic acid 0.00 0.00
G 2189.55 3219.13
E58. 7 B el e (9] © mg/kg)
A% e v B #HSE 729 Fe B9 HHSE
fructose 1785.06 2592.15
glucose 50322.65 84099.95
sucrose 2457.66 2442.95
lactose 0.00 0.00
maltose 4851.83 8374.25
G 59417.20 97509.30
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A 3 A Hurdle 7|&< ©| &% F3 A 7=

1. A5 R 4H

7F. pH 2 AF 4%

Aot 1

=
e Fd A 7w AT B ov=d A

pHE= AAGEe] Al=e] pH electrodes 24 Yol FAsAt. AAHAMNEE Als ¢ 1ml

sl ol 433 34 (100ml) shef o 3}gt

o
o] 3ol (Toyo No. 1) 20mlell 0.01N NaOH &

ooz pH7l 830 B WX Agske] AuE 00IN NaOH &9 Av%e 78 F v

Hom Axatgt

AT (%) = 2H]E NaOH (ml) x 0.0009 x NaOH factor x 5 x 3|21 %3] (ml)

Ala® (g == ml

U 9=

AAAAE ] A E 1 mlE 1008 3A3 T 10 mlE FHslo] 2% potassium chromate 1 ml=
2ol 0.02N AgNOso. = AAsto] ofgfle] 2S o] &3to] AAbstt) ol @9+ % (w/v) ©]
=
A% (%) = Z2H]E AgNO3; (ml) x 0.00117 x AgNO; factor x 10 x 314133 (ml)

Az AHY (g == ml)

= 4

AA A o] A EZ 0.45um membrane filter® o #}3F t}S HPLC(Jasco. Japan)ol] 20ulE
Ql&te] BEA3T(E 1) standard &2 ZE oxalic acid, malonic acid, acetic acid, tartaric

acid, lactic acid, succinic acid, malic acid, fumaric acid % citric acid& A}-&3}%

i 1. F7]14F HPLC &4 %1

[tems Conditions

Column Aminex HPX-87H(300x7.8mm)
Elution 0.008N H2S04

Flow rate 0.6ml/min

Detector UV(210nm)

Oven temperature 50C
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A o] Al5E 0.45um membrane filter® o] 3+ t}3 HPLC(Jasco. Japan)ol] 20ulE =+
=]

ATH.(3% 2) tandard &2 2+ fructose, mannitol, glucose, sucrose % maltoseS

& 2. F714ke] HPLC #4121

[tems Conditions

Column Polyamine I (250x4.6mm)
Elution Acetonitrile:water=75:25
Flow rate 1.0ml/min

Detector RI

Oven temperature 26C

u}, Joule 7}8

Batch?] Joule 7}< 1] (ohmic heater, Frontier engineering, Japan)S ©]-&3to] A+t A S

3t Joule7bd FH = E=H Y 100~400 V 74A] 248 4 9low, Fuk4i= 20kHz9]
AP AL AFEEAT. 5 ILS 20cm x 20cm x 20cm 74 2] chamberel] #9311 2%
AAsta 7S AAIS o5 100TCe] =9 $ A85E AMFAS2 22 PE 25 243

o Aol FUAAT
UNES DL

Ay ¥FHE 28 A5E  hydrostatic fluid mediume= ALY 12471 (Quintus
foodprocessor 6; ABB Autoclave System, Inc., USA)2] chambere] % il 350-550 MPa ¢#
OS2 5-30i3t A2 skslem o wf chamber®] =Xki= 15+3T
Al 2& 94 g
Z23 #Arl= 20 kHz9 A F(VCX 750, 20kHz, Sonic and Material Inc)& o] &332 20kHz,
80% amplitude, 25T A 1A1ZF &<t A28kt
of, THETF
A=E 107 Ao R M & 7 &S 1 mLE Fske, PCA(plate count agar) HiA|
(Difco, USA)E ©]8-3}o] pour plate counting method® 30Tl A 48A17F vl ¥3te] Al<3FA
=3
2. AL

MRS(Lactobacilli MRS agar, Difco)ul#]el BCP (bromocresol purple) A Al kS 25ppmE] Al
Yol A z3 wjA S ALEEe] dAER A3 A BE %ﬂ %3 % pouring culture method®
30ColA 4877 vid3tar & colony$®t yellow A wH5-S YERH colony(F7]14F AAHF)E
A3k et
A ER H F%o|
AEE 103 sl oe=r sAg & 72 A&ES 1 mLE F3te, PDA #lx(Difco, USA)E ©|
£|-3}o] pour plate counting method® 30T oA 48417k wj¥ste]  AlG3LA
7} A=

2AFE FH AFEGA Yo AEd T AMAA(Model CR-300, Minolta, Japan)& ©]-&
3} Hunter scaleol 2]&] L(M%), a(dAM %), b(FME)gko 2 eI
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T o=kl BAE fEY AR 9A BY FolA vEE AEo] FRHHUAV] oz A
=
A7) BAARE Fote] dn 2 FRagES FUIAF 2 fEde 2404 A 559 O
3 xE molm gl Mz Frle] wE FE=A $§ol sk
¥ 4 U3 E 2 SEAF 714 24
e
X Organic acids
lactic citric acetic tartaric  malonic oxalic
dul gy & 0.63 - - - - -
F s 0.37 0.03 0.15 - - -
Rm - 0.63 - - 0.22 0.02
Ss - 0.72 - - 0.17 0.02
Ap - 0.04 - 0.01 0.77 -
Jo - 1.05 - - 0.14 0.02
Gi-1 - 0.17 - - 0.05 0.02
Gi-2 - 0.11 - 0.03 0.52 -
Gd - 0.55 - - - 0.02

=

Bty a

TATee — TF  F
ey - ara
-

LML
=i =

BN =

+19

5 REE L SRAE FUY
w9l %
. free sugars
15 -

fructose mannitol glucose sucrose
g & - - 8.33 -
FHasE - 0.98 - -
Rm 4.89 - 8.53 1.12
Ss 3.85 - 4.59 1.19
Ap 9.01 - 5.64 1.11
Jo 3.00 - 4.83 6.49
Gi-1 2.43 - 2.97 4.06
Gi—2 5.39 - 7.06 0.91
Gd 1.19 - 1.91 6.76

ol - =y
TR R iy u wa
Pl R s

ST T

s




37t 2 FAAA &
S 99l 7]

3

-
a

7 &

of tj
Ao &2 FGI(focus group interview)S Al HA}

ki3

4) TEaEe o

=

?:5}

—_
fils)

ol

=]
24

o
=

|

2 10%

6ol LHERH AT

=
= 3t

of 7 A3

—_
file)

el

=K

o
50

!
N
M

;On#
~

o]

I
G

A

4r

B’
%

s

s

ATl A=

wK

=0
w2 W

6552 7%

o] zt7} 6.73 %
591% H]xl

oA Aabat o3

H
A=}

o~ =
T

£
o the %A

5647 ] H

1
.

713 2ol A

)
=

5.73

BK

LER AT

S

A= 427802 HEF o]
7}l A

%= (intensity)

=

-
o

3

A e}

o tha %

B

ozl

A
Ar

vJDMI

W o

o)

2
=]

Feo)), 74

(burned), L4 3%sF A (A2

o]

&
A
=
v B
Ak
T on
=
)
vt
v
=
o))
®
)
& o

ol
.
7E T

- |
g b
~
g
i~ 3]
g B
g 2
O K
el
O )]
E
=
ok
o
vt
jrivas
"
<]
T

o

+20



+21

|
Q
(02
ol
i
=
=
r
r <
olr
o,
N
.l

& 3 v dgE THEE
R 75 5% NGRS 75 5%
R 5.35+0.98 6.73+1.01 5.45+1.29 6.45+1.13
el 4.83+1.29 6.55%1.13 5.73£1.19 5.09£1.76
=it 4.73+2.15 4.82+1.89 6.73+0.09 6.00+1.55
A 1] 3 Ay 5.42+1.69 545+1.75 6.27+1.19 5.36+1.69
g 6.10+0.98 3.45+1.13 6.27+1.19 491+1.64
ZA A Q1 EF 6.13+1.14 4.00+1.48 7.09+1.30 5.36+1.63
ot 3.75+1.36 4.82+1.60 3.55+1.86 3.82+1.78
Al gk 6.65+0.81 5.36+1.80 7.36+0.81 4.73+1.95
G E ) 5.28+1.14 5.73%£1.35 6.00+1.73 5.27£1.56
g v 5.52+0.98 5.18+1.60 6.50+1.27 5.00£1.76
ZA g 1k 5.66+0.67 5.73+1.42 7.55+0.93 4.45+1.69
7 2 (e akm]) 4.40+1.99 5.18+1.72 6.00+1.34 5.18+1.47
=394 4.56+1.04 5.91+£1.58 5.18+2.18 3.73+1.01
AA AR 75 5= - 5.64+1.50 - 4.27+1.56
5) HEE A HE

S8 A A AL &85 pH 46 oo

ojshe] A&

4.6°]8t=A4 100T
1998)

gy SEATS 98 =2

Leistener (1979, 2000)0] w] A& & H-¢

oF FHEe

712273 (COs Oz, Na), E7H(

BEA (T4, A

NAaE o

thFstA AA E I A

woelAe dn 2 R
e sustuz

casei 5)& 10" cel/ml7} HEE

EES LERNRES

1217, 3% o, A &8

rr

)

p

S A A Aoz dyAa drH(Takano et al,
dAEE ste AL o859 A Frld JIgs =
g Eoly FEgEe T T AAFE3 T (freshness) e
W (hurdle technique)& A -&3t= Aol 589 2 FA

g Fue slsoletn WY

R4

QSRR

FANN golats FuoA

Ae7ls=S T FH 3 E
o Hgsgo ZAFFE(Lac.

HEskaL Joule7FE(100C AA), a2 (25TC, 300MPa),

Z 34 2] (20kHz, 80% amplitude)E& A Alsto] A ytel FrE B7kstazr s
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: log cfu/ml

200

unit

150

100

Time(s)

50

a9 7. Joule 7FE =

120 1~

(2)aunmeadwag

Time(mins)

m

60
8.05
7.90

30
8.11
7.85

8.03
7.88

oy
._ﬁ

R

ND
ND
ND

. log cfu/ml
500 Mpa

unit

Time(mins)

60
2.54+0.09

300 Mpa

30
2.30£0.00
2.54+0.09

7.49+0.00
7.41+£0.13
8.42+0.04
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¥ 11, 559 4T A% pH, 2=, S5, i 9@ g% 9 F3o] Wl
Storage time(days)
Samples 0 1 2 6 12 20 30
pH
Con 3.39 3.95 3.28 3.29 - - -
HP 3.39 341 3.42 3.45 343 348 3.45
R
Con 0.50 0.50 0.50 0.50 - - -
HP 050 045 0.45 0.45 041 0.41 0.45
Fi
Con 849:003 854:0.04 853t0.04 834001 - - -
1.810.0
HP 2.01+0.08 1.99+0.09 1.45+0.01 1.82+0.16 1.73x0.07 1.66+0.01
At
Con 835012  854+0.04  844+006  812+0.05 - - -
HP 254002  213+0.08  0.00£0.00  0.00+0.00  1.61£0.01  1.85+020 1.62+0.09
g8/ &gl
Con 6.64£0.05 687020  676£0.02 655001 - - -
HP 0.00+0.00  0.00+0.00  0.00£0.00  0.00+0.00  0.00+0.00  0.00£0.00  0.00+0.00
¥ 12 989 30C AT F pH, A%, FH4, 24T 2 B9 2 w2l W
Storage time(days)
1
Samples 0 1 2 6 12 20 30
oH
Con 3.39 315 - - - - -
HP 3.39 3.39 3.43 3.45 343 351 3.46
2 4 HE
Con 050 0.63 - - - - -
HP 0.50 0.45 0.41 0.45 0.45 0.41 0.54
=
Con 8.49+0.03 8.52+0.01 - - - - -
1.47+0.0 1.39+0.0
HP 2.01£0.08 1.78+0.03 1.67£0.06 1.61+0.23 1.42+0.14 5 ]
St
Con 835+0.12  863+001 - - - - -
HP 954002  181:0.06 176012  077+010  151+0.09 1814004 0.72+0.17
g8/ #Fo]
Con 6.64+0.05  7.13+0.06 - - - - -
HP 0.00£0.00  0.00+0.00  0.00£0.00  0.00£0.00  0.00+0.00  0.00£0.00 0.00+0.00
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27

F 13 FEAAFEY A% T ke W

&2l ¢ log cfu/ml

Storage time(days)

e 0 1 > 6 12 20 30
Lactic acid
Con 4T 0.402 0.477 0.476 0.522 - - -
HP 4T 0.402 0.405 0.362 0.406 0.411 0.400 0.406
Con 30T 0.402 0.562 - - - - -
HP 30T 0.402 0.402 0.392 0.387 0.393 0.401 0.397
Acetic acid

Con 4T 0.009 0.014 0.014 0.016 - -
HP 4T 0.009 0.008 0.009 0.009 0.010 0.009 0.009
Con 30T 0.009 0.013 - - -
HP 30T 0.009 0.009 0.009 0.009 0.009 0.01 0.009

T 4 SEAAEFY AY F 22T ¥t
@¢ : log cfu/ml
e Storage time(days)
0 1 2 6 12 20 30

Glucose
Con 4C 11.54 9.39 10.02 8.46 - - -
HP 47T 11.54 12.03 11.90 11.88 11.18 11.22 11.43
Con 30T 0.11 0.06 - - - - -
HP 30T 0.11 0.11 0.09 0.07 0.11 0.10 0.11

o}
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A4 A TF ¥ NEY A8 54 P}
1. 97494

o AERA R BEHI)

THAF \=el, 78 2 LA A m=els e ®E S5 g Qe #ek diExAre
A dr HESE 2T thd deHIbE AASAY. #EH 7= 9% hedonic HEE 9
@, FH), b2, A B FEH7IE R dE] 2SR o r|Eweet dHEg £4 B3t
E 98 wady dan], dub s gAakn] S oigk ZE(intensity)el #3]  JAR(Just

About Right) = o0& 7}
Y. FGI

=l did 584 3709 2w o® o] tiE AdHeol e oAt ZEFoA e 3o
oMM ZFzhe] sl Al SE:ol gk AVH HE FHE HAEAE VR ARE &8st o
5 2% dstq AFEA B7HE =E s
. SA Az

datax= ¥ ¥ THA(meantstandard deviation) = XA, ZF AT fo AL
Stastistical Analysis system(SAS) X 2135 o] g3te] EAHE2(ANOVA)I} Duncan® ts

9] A (Duncan’s multiple range test)S 2 A 8%

= SFEE #e5A4 HUF ol #3 A=
L= H]9HS sweetened beverage®| AW w3l UAHE 2R

Hol| M= wutal Aol Am o]& Fol7] fa o8 F(state)l ] AafHsE F3 T4 A

=0o]t}.(2010, Hendrick VE)

= FEAGS AZRY, A", AFAEY AA T2, 7158 89 Far 954

(Google, 2013) &taL glom B AIFA 55 Tixte 33%= ALdF2E 7 43 FE=

oA7|v 7H4 FEo R Hdube] npEflE e #Alel JFH L

2 AFeAE A F2 FHEES o] &9 SE/ES HAHORE s ot o9k AHA
o =

= =
A ATArEZE glolA e EEo] Ak EE el A
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QF2ES FQ2 AFH £A4S A EYE appearenceo] A= yellowness®} thickness”} aroma
o = sour, fruity % yeasty’} 2 £AolA flavordl A= sweet, sour ¥ fruity 7}
mouthfeelol]l 41 += mouthcoat 2 astringent’} T8 £A0o]l o  aftertasted] &= sourE T2
& o7 AAE ArE.(2011, Gonzalez NJ %)
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S st Tl AT v=Qd 2 s dARES gideR SR digh o XA}
It

T AT PFAEY ZRAbel= F 30%Wo] Fofstdon dnkAlrom A T 48%, oA
529%, 20-294] 57%, Caucasian 65% 2 African American®] 9%Z x}#] 3}

=

>
ol

Qs gaol U Aol AHow uAE SREAS RAFA L ABH Su
F8 o]Fm gom wol $RE AEd: olfolm FFAA P W FLE AR
ARFYG SR AG] WAL GFORAE Fu>FA>UN>TAG £02 27 ey
ol A%E A AASRE P ABART 1 GLOR opAFas J5H $EE HEdH

$ v HA 5] A= & 31Wo] Folatglon WA 33.3%, 914 66.6%, 194 o]t

7} 58%, Caucasian®] 61%% T3t

Ul AF AR ol WE @AAE FRLUAs%) HEsts gR7t FAFagen

58%% o Mol SRE Asddt. SR A WElAE A LTH96%)> 7154 (77%)>

HRE0e Eo® s TR Mff}% Aow YEwth SRAEe gast g v
[e)

@ S AF MR @X wEelEe] W Smel v FulelAvt 242 61% 2 54%

Uetd S 189 o v=ds R HagnE e A A R 2 AV IS
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E 16 Snel U@ vTA Q1 EALE HEA

Name:

Gender: 0 Male 0O Female

Age: [0 19 or less [0 20729 [0 30739 [0 40749 [J 50759 [J 60 or older

Ethnicity: [0 Caucasian [] African American [JAsian [JHispanic [J Korean [J] Other (

1. What is you favorite type beverage to drink?

o diet soda O regular soda o vegetable juice O fruit juice
o functional beverage (vitamin drink or energy drink)

o fermented drinks

2. How often do you drink your favorite beverage?

month O rarely

3. When do you usually drink your favorite beverage?

O after meals 0 during meals O while eating a snack

o after exercising O anytime

4. Why do you drink your favorite beverage? (select those that apply)
O it contains nourishing supplements O to quench my thirst

o substitute for water o I like the taste O it improves health
o fatigue recovery O dieting 0 it is a habit

O it reduces my stress levels

5. How important are the features of drink to you?

o0 once—daily 0 more than two times a day 0 3~4times a weekOD 1~2times a week

6—1. What was the name of health drink and what did you think of it?

7. What do you think about health drinks?

O they taste good O they taste bad O they are good for you

o they are bad for you O they are not bad or good for you

8. Are you concerned about the health risks of certain beverages?
(For example: diabetes, obesity, high blood pressure, tooth cavities)

O Yes (selected go number 8—1) o No (selected go number 8—2)
8—1. What type of health risks resulting from beverages concern you?
O obesity o high blood pressure o diabetes O cavities

o other (

8—2. What beverage do you drink for your health?

o fruit juice O vegetable juice

o functional beverages (vitamin/energy) O fermented beverages

o diet soda

8—3. What one improvement would you like to see for the beverages
you drink?

o lower calories o fewer artificial flavorings & preservatives

o more pulp O less pulp © more functional ingredients

0 other (

8—4. How do you control your sugar intake?

O decrease sugar use O use natural sweeteners

O use artificial sweeteners

9. What beverage packaging do you prefer?

o PET (plastic) O can o glass (bottle) O paper pack

10. What do you think should be the proper amount of beverage?

o 40~60 Oz (bottle) 0 10~15 Oz (typical bottled water size)

o0 12 Oz (soda can size) 0 4~5 Oz (juice pack)

11. Is a fermented beverage something you would consider purchasing?
o0 Yes o No

12. How much are you willing to pay for a beverage?

O less than 1$ o $1~2 o $2~3 o $3~4

O more than $4

n
Drink  Features impo;%atnt at impr(l)(;ttant average important imgggg’ant
color
pulp /particles
sweet taste
sour taste
carbonation
fermented
refreshing
function
health/energy
packaging
6. Have you ever tried a health drink?
o0 Yes (go to question 6—1) o No (go to question 8)

o0 2~3times a
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(1) &3 AAF 3t focus group interview

18) 138 e m A v=dl 15918 3278 wyol SRAAS % Boll thske]  focus

group interviews A&t}

31904 9F 2ol AlAlE A F Bl tigte] kAl ej@e 7h7F 41 B 453, HAREAQ]
37 B 354, AWrAQl Fn 28% 9 444, 457 374 2 46802 AAF A, B BT Ay
Aae e HolA 7 AAE A Hote AlAE B7F =4 debyd

s AlAlE A 2 AAIE Bl dig HeEAdel tid JAR HE b4 oEF o g
AE7b wig- oFstar GFge] tha Akt ES o5 Alsvw ©uty g@Abv| b ujg okt
2lubat drFute] tha gk o2 e

719 EAREL FHA AlAEe] did w2 FFAQ VEEet #-le] Q= AoR A7ty
] AAZ F 209 #rAsE A 2 Bel digk FGI A= Z glxa 9t

wEtA 7] AAIESY H=m)] VSRS Eol7] A HAY] Fof out ek Bl sluka

dIule] H47F T2 MAEJIER AAHAH.

¥ 18. 1] =<l Focus group interview-% &4

Please, assign a score and comments

(ex: 1. Hedonic swre-6, comment-appetizing b)-JAR sale 2, camment-mare dean)

Attributes A B
Dislke ex. Like extremely Dislke ex. Like extremely
1234567 12 345 67
Weak JAR Strong Weak  JAR Strong
12345 1 23 45

1. Appearance-overall 1.- comment 1.- comment
a) whiteness a)- a)-
b deanness b)- b)-
¢ partides c)- <)-
d) turbidity d)- d)-

2. Aroma - overall 2.- comment 2.- comment
a)  fermented a)- a)-
b) alchd b)- b)-
o rice milk <)- c)-
d) sweet d)- d)-
e sour e)- e)-
9 fruity H- H-
8 refteshing 8- 8-
h) offodar h)- h)-

3. Flavor/taste -overall 3.- comment 3.- comment
a) fermented a)- a)-
b) alchd b)- b)-
o rice milk )- c)-
d) sweet d)- d)-
e) sour e)- e)-
9 fruity H- H-
g) I‘ﬁ'ﬂs‘b]ﬂg g)_ g)_
h) arbonation h)- h)-
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1) savory(umami) i)- i-
J) astringent i- -
&) offraste k)- k)-
4.Mouth  feeling-overall comment 4.- comment
a) full body a)- a)-
b consistency b)- b)-
¢ mouthfeeling(coating) o)- )-
d) after taste(umami) d)- d)-
5. Overall taste combination 5- 5-
6. Overall acceptability 6- 6-
7. Likelihood of purchasing 7- 7-
Overall Suggestion
for improvement
3E 19 80l tigk FGI A4 &7
Attributes A B t Attributes A B t
Appearance-overall 4.13+x1.25 4.47+1.41 -.687 alcohol 3.43+0.99 3.53+£0.99 -3.871***
whiteness 2.80+0.41 3.20+041 -2.646* rice milk 1.27+0.46 1.73+0.80 -1.963
cleanness 2.8+0.77  2.60+1.06 .592 sweet 1.00+£0.00 1.47+0.52 -3.500**
particles 2.53+0.83 3.73£0.70 -4.260*** sour 37280 3.93+0.80 -2.286*
turbidity 2.40+£0.74 3.60+0.63 -4.786*** fruity 1.13£0.35 1.47+0.52 -3.500**
Aroma-overall 3.67+0.82 353+1.19 .358 refreshing 1.53+0.52 2.40+091 -3.207**
fermented 2.13+092 293+046 -3.027* carbonation 1.00+£0.00  1.00+0.00
alcohol 3.40+0.62 3.27x0.80 -2.302* savory(umami) 1.60+0.83 1.87+0.83 -.879
sweet 1.30£0.46 1.13+0.35 .894 astringent 2.80+£0.56 3.00£0.38 -1.146
sour 2.77£0.80 3.33+0.90 -1.931 off-taste 240£1.06 2.93£1.10 -1.355
fruity 1.13+0.26 1.20+0.41 -1.058 Mouth feeling-overall 3.73+1.28 4.60+1.72 -1.563
refreshing 2.0+052 2.40+1.12 -1.103 full body 1.67+0.82 3.73£0.96 -6.347***
off-odor 2.40£0.99 3.07+1.10 -1.748 consistency 2.20£0.77 3.27£096  -3.347*
Flavor/taste-overall 2.80+1.26 4.40+1.55 -3.098** mouthfeeling(coating) 2.13+1.06 3.40+1.40 -2.788**
fermented 2.33+0.82 3.07+0.70  -2.635* after taste(umami) 1.93+0.88 2.13+0.99 -.584
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20. S EAAE gk FGI - ZWE

Sample A
-Overall this drink was too light for me.Almost light, It tasted like sour water.

-This can be a good drink. Add sweet andfruity flavors.
—This taste too light and watery.

—-Add sweet add carbonation. Increaseparticles.

—-This beverage is light and has lessflavor.

-Reduce the sourness, add carbonation, add sweetness.

-This tasted like a light version ofsample B.

-This is a lighter drink. Still needscarbonation and sweetness.
-Too light, taste sour ,add sweet.

—-Add carbonation, Reduce sour. This is alight drink.

-Increase concentration of beverage. Thisdrink is too weak and light.
-More sweetness more fruity flavorparticles is good, less alchol.
—This is similar to sample B but it is toolight.

—-Less alcholtaste. Strong fermented flavor needed.

—Needs more flavor. Tastes like sourwater.

Sample B
-I enjoyed this drink. Adding carbonationand a little sweetness would be good.

-This drink is strong too sour. Take out the alcholand increase sweetness.

—-Add sweetness and reduce the sour. Addcarbonation to enhance mouthfeel.

—Add some and flavor also addcarbonation to increase mouthfeel.

-Good beverage needs more sweetnessCarbonation but not necessary.

-I recommend increasing sweetness. Addcarbonation for good mouthfeel.

-Remove the alcohol Add fruit sweetness add carbonation.

-This drink is too strong and sour for me.Reduce sour. Add carbonation and sweetness.
Reduce particles.

-Increase sweetness.

—Increase sweet. Add carbonation.

-Good health drink flavor. Add somesweetness maybe reduce sour. Add carbonation for texture.
—-Less sour. Less alcohol.

-This can be a good drink. Add sweet tobalance sour. Maybe add carbonation to enhance
mouthfeel.

—-Less alcohol taste and small more sweetness to balance sour.
-More sweet and fruity flavor. Take outthe alcohol.

(2) m=el  ujAR A]A )

©ATANS T4 % LA B4 WFAL dgos SRAAE A% bl Ao 03 2

AW 2 JAR A =R AAFH7ME AASATH(E 21, & 22, 3% 23, 3 24)

3 219 YERA mRe} 2ol w8 AF wHlE] ZAMWL T 64 o] ol on UWkat
o2M A 43%, A 57%N 3L u]=elo] 84.4% 18—24xﬂ7} 844% 5 A3t 5EAE B

aiﬂ}. AAFE A9 BE 7]E5% A= {Fo]F < ZM Holx ergky el M= ZH7zh 6.84

A 2 6567, & 3484 2 3447, v 2274 2 23173, mouthfeel 1.83%3 2 2133, =t

1.83%4 2 1834, 71a% 2914 % 281702 9#AS AL BE AN G HEE

7] ZSFATH(E 22)

ANAE At Boll tiste] @r71x] =8 EA4o] s JARGust about right) 3% H7FA] A<t B
= z}o]E Ho|x] gkt wrE koA Zbzh 239 W 2442 A HF FFo|a Aluke 36141 ¥



3587 o= HE oldoller ank wuk B 'atvl= 20 olstE % FES YERWATH

A7 AREEEH w8 dAXRJAELS AAE A9 Bl diste] w9 @ V|ZEE HY &
JAR 2= #H7F 235 & u AAEF A 2 Bol th3t nxoE59] 7[axE Fol7] fsire

2eks Folal @kt v (flavor)E Zshalof & Ao w2 MW E AT

21 FRAS vl Al AL eHn=64)

Variables Group Respondents(%6)
Male 57
Sex
Female 43
18-24 84.4
25-34 125
35-44 -
Age
45-54 -
55-64 15
>64 -
USA 84.4
Europe 3.1
Country )
Australia 16
Other 6.3

=5

2. SRAAEN & FEAG 294 5P Hn=64)

Hedonic scale

Attributes A B t
appearance 6.84+1.62 6.56+1.67 968
aroma 3.48+1.81 3.44+1.68 152
flavor 2.27+1.38 2.31+1.33 -.195
mouthfeel 2.06+1.32 2.13+1.24 -.276
refreshing 1.83+1.40 1.88+0.97 -.221
preference 2.91+1.90 2.81£1.69 295

Jar scale

A B t
fermented aroma 2.39+0.92 2.44+0.94 -.285
fermented flavor 1.91+0.75 1.92+0.84 -111
sweetness 1.75+0.80 1.80+0.89 -.313
sourness 3.61+1.28 3.58+1.31 137
carbonation 1.48+0.69 1.48+0.69 .000
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= LA dXQl EAMM = F 319l oo dWkAbgo R A 33.3%, A4
66.6%, 18-24417F 58%, Caucasian 61% %5 *F#|3s} A Th(3E 23)

& 249 YERH vEel o] AJAFE A9F By & oA = ZH7; 3847 2 4237, F 4298 2
45274, &7 41657 9 46813, mouthfeel 4.60% % 4.35%, =7 43573 3 445%, 715%=
43958 9 4817 o RA RE #s 7S HAA BE(5.03) oldte FFES e

71 Ay s 101«1 7 dapeh thEd LA v=led dAnbde
g7F AdE Ba =3 AAE A Bu AlAE BY 7lERTF tha EShAIRE 19
= Oi/\/\‘:]’

my
=)

@l AAE Ash Bel diste] W4 FakAel sl JAR HE #7k A AAE Ash B
A Ael7h A hekn wE e, way 2 ﬁum HE o] FEolglov] watv|sh Wt
o] 30 ol mEole £EL

A o 7 ltﬂl UERI AR AR A A
& Aoz durdEd,
WebA AAE A 9 Bel el vRele] NEEE Ade7] FHAAE flavor Fol, el 7

# 23 LA A< v=9l & A dykAbEE (n=31)

Variables Group Respondents(%)
Male 33.3
Sex
Female 66.6
18-24 58.0
25-34 9.6
35-44 -
Age
45-54 25.8
55-64 6.4
>64
Caucasian 61.2
Hispanic 3.2
Country .
Asian 12.9
Other -
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Hedonic scale

Attributes

-.866
-468
-978
.554
-176
-799

4.23+1.80

3.84+1.71

appearance

4.52+1.93

4.29+1.87

aroma

4.68+2.20

4.16%1.95

flavor

4.35+£1.91

4.60+1.52

mouthfeel

4.45+2.43

4.35+1.87

refreshing

4.81£2.24

4.39+1.87

preference

Jar scale

-.704
-1.823

3.39+0.84
3.65+1.08

3.23+0.96
3.13+1.15

fermented aroma

fermented flavor

-.051
-1.975

2.47+£1.07

2.45+1.21

sweetness

3.77+0.88

3.29+1.04

sourness

-.109

2.03+1.08

2.00£1.20
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